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PREFACE. 



In preparing for the press the present edition of Mr. Keith'a 
popular Treatise on the Use of the Globes, the editors, without 
departing from the plan of the author, have -found it neces- 
sarj to make numerous additions and alterations. Those 
parts of the original treatise which were behind the present 
state of science, have been so revised as to present to the 
reader a brief, but, it is hoped, an intelligible outline of the 
important discoveries recently made in Astronomt and 
Phtsicai* Geography ; while the copious additions, either 
in the form of notes or of distinct chapters, supply the omis- 
sions which rendered the original treatise defective as a book 
of instruction and general information. 

The Astronomical Definitions and Greographical Theorems, 
contained in the^r;^ chapter, have been retained in the form in 
which they were originally drawn up by the author ; and to the 
third, fourth, and fifth chapters, it has been considered neces- 
sary to add only full explanatory notes. The second chapter, 
widi the exception of that portion which relates to the Laws 
of Motion, as well as the remaining chapters of the First 
Part, have been almost entirely re-written. The fifth chapter 
II ill be found to contain a sketch of the present state of 
Hydrographical Science, including a notice of the researches 
of Sir James Clark Boss^ in his late Antarctic expedition. 
The seventh refers to the natural changes on ^the surface of 
the earth, comprising a description of mountains, volcanio 
eraptions, earthquakes, and thermal springs ; the eighth givet 
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an account of the Atmosphere, including storms and winds ; 
the ninth treats of Meteorology ; and the tenth, of Climate, 
and the circumstances which modify it. 

The Second Part of the work, which treats of the elemen- 
tary principles of Astronomy, has \%^vl entirely re-written, 
although the original arrangement has been preserved as 
closely as possible, consistently with the necessary alterations. 
The fourth chapter, which is almost entirely new, contains 
an account of the later discoveries in Sidereal Astronomy. 
In the chapter oa th^ Solar System, in which great altera- 
tions have been mtide, an account is given of the planet Nep- 
tune, and the repe^tly discovered asteroid3,.as well as a view 
of the v^ous th^ori^s of astronomers respecting the Solar 
System. In the sixth chapter a full history and explana- 
tion of the Gregorian calendar is for the first time introduced. 
Numerous other alterations and additions will be found on 
reference to. the work itself. 

The TmRD Pabt, or that containing the Problems per- 
formed by the Globes, has undergone a complete revision. 
Some of the rules which were deemed too verbose have been 
pruned of their redundancies, and a more concise and clea,r 
style of expressicm generally adopted ; while in several an im- 
proved method of working the problems has been introduced. 
Upwards of four hundred questions have been added to the 
present edition. These additional qj^estions, which will be 
found distributed und^ the various rules, have been selected 
with great care and discrimination, and will, it is hoped, re- 
move an^ objection ij^^t might have been raised against the 
insufficiency of exs^ples coiit^ed in the work, especially in 
schools. 

There have likewise been add^ tables of the sun's de- 
clination, and the fixed stars mentioned in the problems 
' containing their nam^s, the constellations they belong to, 
with their right ascension a^d declination. These, it is 
thought, will greatly assist young persons in working the 
problems on the celestial globe. . 



PREFACE. V 

In giving to this treatise a much more extended character, 
and in entering more fully than hitherto into the subject 
of Physical Geography, the editors believe that the present 
edition will be found not only better adapted for the purposes 
of instruction in the hands of a teacher, but at the same 
time more useful and interesting to the pupil. New Plates 
have been added to the work^ and improvements made in 
the old ones. 

The First Part of the present edition has been revised by 
Alfred S. Taylor, F. R. S., Lecturer on Chemistry, &c. in 
Guy's Hospital. 

The Second Part by R. A, Le Mesurier, B.A., Scholar of 
Corpus Christi College, Oxford. 

The^Third Part by J. Middleton, Professor of Astronomy, 
Kensington. 

March, 1848. 
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OEIGINAL PREFACE. 



Amongst the Tarious braaclies of science studied in our 

academies, and. places of pubHc education, there are few of 

greater importance than that of the Use of the Globes. The 

earth is our destined habitation, and the hearenlj bodies 

measure our days and years by their various revolutions. 

Without some acquaintance with the different tracts of land, 

the oceans, seas, &c on the surface of the terrestrial globe, 

no intercourse could be carried on with the inhabitants of 

distant regions, and consequently their manners, customs, &c# 

would be totally unknown to us. Though the different tracts 

of land, &c. cannot be so minutely described on the surface 

of a terrestrial globe as on different maps, yet the globe 

shows the figure of the earth, and the relative situations of 

the principal places on its surface, more correctly than a map. 

Had the ancients paid no attention to the motions of the 

heavenly bodies, historical facts would have been given 

without dates, and we should have had neither dials, clocks, 

nor watches,. To the celestial observations of Eudoxus, 

Hipparchus, &c, we are indebted for the knowledge of the 

precession of the equinoxes. Without some acquaintance with 

the celestial bodies, our ideas of the power and wisdom of 

the Creator would be greatly circumscribed and confined. 

The learned and pious Dr. Watts observes, " What wonders 

" of wisdom are seen in the exact regularity of the revolu- 

" tions of the heavenly bodies ! Nor was there ever any 

" thing that has contributed to enlarge my apprehensions of 

" the immense power of Grod, the magnificence of his crea- 

" tion, and his own transcendent grandeur, so much as the 

" little portion of astronomy which t have been able to 

''attain. And I would not only recommend it to young 

'^ students, for the same purposes, but I would persuade aU 

" mankind, if it were pobsible, to gain some degree of ac- 
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*' quaintance with the vastness, the distances and the motions 
" of the planetary worlds, on the same account." 
Dr. Young, in his Night Thoughts, says, 

** An undevout astronomer is mad.** 

There is scarcely a writer on the different branches of 
education who has not expressly recommended the study of 
the globes. Milton observes, that "ere half the school 
" authors be read, it will be seasonable for youth to learn 
" the use of the globes." Yet, . notwithstandmg the import- 
ance of the subject, it is entirely neglected in our public 
flchools : and in many of our private academies it has been 
frequently imperfectly tauglit : probably for want of a trea- 
tise sufficiently comprehensive in its object, and illustrated 
by a suitable number of examples. 

There are several treatises on the globes extant, but they 
have been chiefly written by mathematical instrument-^ 
mak^s*, or by teachers unacquainted with mathematics. 

* The prineipal globe<nakers in London, are Cart, Bardin, New^ 
TON, and Addisok. - 

Cart's globes are 21, 18, 15, 12, 9, and 6 inehes in diameter, and the 
celestial globe may be purchased either with or without the hierogly- 
phical figures depicted on the surface. 

Bardin*s globes, or, as they are usually called, the Kew British 
OLOBB8,are 18 inches, and 12 inches in diameter. .^^ The Nsw British 
GrioBES, tDBOuhoUired under the direction of H^ssn, W, and 8, JoneSf 
Holborn, are particularly recommended by Mr. Vince, in yoL u page 
569. of, his complete System of Astronomy, and were introduced into the 
Royal Observatory at Greenwich, by the late Dr, Maskelyne, 

Newton*s globes are 15 inches, and 12 inches in diameter. The ho- 
rizon on these gkA>es is the same as on Bardin's ; only) instead of the 
signs of the lodk^, the ediptiA and Eodiacsal eonstellatioos are introduced. 
T^ analemma on the aur&ce is not essentially different from that on 
Cary*s globes. 

Addison's globes are 18, 12, and 10 inches in diameter. The ana- 
lemma on the surface of these globes is the same as the analemma on 
Cary's globes. Mr. Addison has constructed a superb pair of globes, 
36 inches in diameter, price 60 guineas. 

M senarate. f ^ terraqueous, 35 guineas, 
or separate, ^ _ celestial - 30 guineas. 

Genercd PriceM of Globes. 
21 inches in diameter, from 10 to 19 guineas, Cary. 
18 - - - - 
15 - - - . 

12 ... - 

10 - - - - 

9 - - - - 3 to 4i - - - Cary. 
S - . . - 2^ to £3 18«. Ckary. 



8 to 16 - 


- - Cary^ Bardin, Addison, 


6 to 12- 


• " Newion, Gary. 


3jto6- 


f Cary, Bardin, Newton^ 
\Addimm, 


3 to 5 - 


• • Addison, 



CfBBSmAJ, FBBFACEi iz 

The works of tbe fbrdier nlnst be defectire, for want of 
practice in the art of teaching ; and many of the productions 
of the latter are too puerile and trifling to be introduced into 
a respectable academy. Youth learn nothing effectually^ 
but by frequent ifepetition ; a multiplicity of examples there- 
fore becomes absolutely necessary; but these examples 
Bhould be so Taried, and the mode of proposing the questions 
BO diversified, as to give the scholar room'for the exertion 
of his facultieSy or otherwise no impression will be made on 
his iMnd. Treatises on the globes are generally either with- 
oQt any practical exerdises, or the exercises are so similar, 
that when the pupil has finished one of them, the rest may 
be performed without the trouble of thinking. Examples of 
this kind niay serve to pass away the time, but they will 
never instruct the scholar. 

Had any mathematical writer of note furnished the student 
with a treatise on the globes, the following work Would pro- 
bably have never appeared ; but it rarely happens that the 
man of science, whose whole time is employed in abstruse 
researches, will stoop to the humble task of accommodating 
himself to the capacity of a learner. To a man in the habit 
of contemplating the writings of a Newton, or travelling in 
the dry and difficult paths of abstract knowledge^ a treatise 
on the globes is a mere plaything, a trifle not worth notice ; 
as at one glance he sees and comprehends every problem 
that can be performed by them. Such a man would acquire 
no credit by writing a Treatise on the Globes ; for, notwith- 
standing the utility of the subject, its simplicity would leave 
no room for him to display his abilities : the task, therefore, 
necessarily devolves on writers of a more humble rank. 

The ensuing Treatise has been formed entirely fpoift the 
practice of Instruction, and is arranged in the following 
order : 

Part I. The definitions are very extensive, and, it is 
hoped, suf^ciently plain and clear. Where the name of any 
ancient author occurs, the time in which he fiourished^ and 
his country, are generally mentioned in a note ; this practice 
is followed throughout the b6ok. The table of climates 
has been newly calculated, and the principle of calculation is 
given at full length. The^r*^ chapter likewise contains a 
table of the constellations, with the fabulous history of several 
of them : the Greek alphabet, &c. If the definitions, geo- 
graphical theorems, &c. in this chapter be well ex^lain^dVi^ 
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the tutor, it is presumed that the scholar will derive consi- 
derable advantage. The second chapter contains the general 
properties of matter, and the laws of motion, as preparatory 
to the reading of the third and fourth chapters ; which would 
otherwise be less intelligible. To the third and fourth 
chapters are added some useful notes, which ought to be 
attended to by those students who are acquainted with arith- 
metic. The Jifth chapter treats of springs, rivers, and the 
saltness of the sea, the sixth of the tides ; and the seventh of 
earthquakes, &c. with their effects and causes. The subject 
of the eighth chapter is the atmosphere, and of the ninth, 
meteorology. From each of these chapters, it is hoped, 
the student will derive some useful information. 

It has not been usual to introduce several of the aforesaid 
subjects into a Treatise on the Globes. An intelligent 
reader will, however, readily admit them to be less extra- 
neous, equally entertaining, and more instructive than scraps 
of poetry, historical anecdotes, &c. with which some of our 
Treatises on the Globes abound. Poetical scraps seldom 
elucidate either mathematical or philosophical subjects, and 
generally divert the attention of the student from the main 
object of his pursuit. ^ 

Part n. This part comprehends the elementary principles 
of Astronomy, including an account of the solar system. 
These ought to be clearly understood by the young student 
before he attempts to solve many of the problems in the 
succeeding parts of the book. The object in learning the 
Use of the Globes should be to illustrate some of the most 
important branches of geography and astronomy ; and this 
object cannot be attained by merely twirling the globe round 
and working a few problems, without understanding the 
principles on .which their solutions are founded. Lessons 
thoroughly explained and clearly understood make a lasting 
impression on the student's memory, and will enable him, not 
only to solve such problems as he may meet with in books on 
the globes, but to frame several new problems himself, and 
to solve others which he never heard of before. 

In the notes attached to tliis part of the following work, 
the distances, magnitudes, &c. of the planets are all accu- 
rately calculated. This laborious task the author would 
gladly have avoided, but he found the accounts of the dis- 
tances, magnitudes, &c. of the planets so variable and con- 
tradictory, even in astronomical works of repute, and fre- 
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qnentlj in the same author, that he conceived such notes as 
he has introduced would be very useful to a learner. 

Part HL contains an extensive collection of Problems ; 
illustrated by a great number of useful examples, many of 
which are elucidated with notes of considerable importance. 

Part IV. comprehends a miscellaneous selection of Pro- 
blems and Questions for the examination of the student. 
These questions vvill be found very useful, and may be ex- 
tended with advantage by the tutor. 

To CONCLUDB. The author apprehends that he has omitted 
nothing of importance that particularly relates to the subject, 
and he hopes, at the same time, that this work will be found 
to contain little or no extraneous matter. He has endea- 
voured to supply the young student with a Treatise on the 
Globes, which may not be unworthy of attention, as a work 
of science, yet suflSciently plain and intelligible. To those 
who may object to the smallness of the type, and the close- 
ness of the printing, the author has to observe, that had the 
work been printed on a larger type, it would have made an 
octavo volume consisting of at least six hundred pages ; the 
purposes for which it is designed would have been com- 
pletely defeated ; the price doubled ; and the book, from its 
size, rendered less convenient and useful. 
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THE USE OF THE GLOBES, 



PART L 
definitions and introductory subjects. 

Chapter L 

Explanation of ^ Lines on the Artificial GlobeSy including 
Geographical and Astronomical Definitions ; with af&v 
Geographical Theorems, 

1. The Tebbestrial Globe is an artificial representation 
of the earth. On this globe the four great divisions of the 
world, the different empires, kingdoms, and countries ; the 
chief cities, seas, rivers, &c., are truly represented, accord- 
ing to their relative situation on the real globe of the earth. 
The diurnal motion of this globe is from west to east. 

2. The Celestial Globe is an artificial representation of 
the heavens, on which the stars are laid down in their 
hatoral situations. The diurnal motion of this globe is from 
east to west, and represents the apparent diurnal motion of 
the sun, moon, and stars. In using this globe, *the student is 
supposed to be situated in the centre of it, and viewing the 
stars in the concave surface. 

3. The Axis OP the Earth [see Plate 1, * Figures 1. 

* Plgure I. represents the frame of the Globe, with the horizon, brass 
ntridian, and axis: Figure II. the globe itself, with the lines on its 
turfiu^ 
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and n.] is an imaginary line passing through its centre, 
upon which it is supposed to turn, and about which all the 
heavenly bodies appear to have a diurnal revolution. This 
line is represented by the wire which passes from north to 
south, through the middle of the artificial globe. 

4. The Poles of the Earth are the two extremities of 
the axis, where it is supposed to cut the surface of the earth, 
one of which is called the north, or arctic pole ; the other the 
south, or antarctic pole. The celestial poles are two imagi- 
nary points* in the heavens, exactly above the terrestrial 
poles. 

5. The Bkazen Meridian is the circle in which the arti- 
ficial globe turns, and is divided into 360 equal parts called 
degrees.t In the upper semicircle of the brass meridian 
these degrees are numbered from to 90, from the equator 
towards the poles, and are used for finding the latitudes of 
places. On the lower semicircle of the brass meridian they 
are numbered from to 90, from the poles towards the 
equator, and are used m the elevation of &e poles. 

6. Great Circles divide the globe into two equal parts, 
as the equator, ecliptic, and the cohires. 

7. Small Circles divide the globe into two unequal parts, 
as the tropics, polar circles, parsdlels of latitude, &c. 

8. Meridians, or lines of Longitude, are semicirel^ ex- 
tending from the north to the south pole, and cutting the 
equator at right angles. Every place upon the globe is 
supposed to have a meridian passing through it, though there 
be only 24 drawn upon the terrestrial globe ; the deficiency 
is supplied by the brass meridian. When the sun comes to 

* The polar-star is a star of the second maj^itude, near the north pol^ 
in the end of the tail of the Little Bear. Its right ascension, for the bo- 
ginning of the year 1840, was Ih. 2m. 10-683 s.; and its declination 
$80 27' 21 '^' N Navtieai Abnanacfbr 1840. 

f Every circle is supposed to be cUttided into 360 equal parts called 
degrees, each degree into 60 equal parts called minutes, each minute into 
60 equal parts called seconds, &c. ; a degree is therefore only a relative 
idea, and not an absolute quastaty, except when applied to a great circle 
of the earth, as to the equator or to a meridian, in which cases it is 60 
geographicfld miles, or 69*1 EngUsb miles. A degree of a great circle in 
the heavens is a space nearly equal to twice the apparent diameter of the 
sun; or to twice that of the moon.when considerably elevated above the 
horizon. - 

Degrees are marked with a small cipher, minutes with one dash, 
seconds with im, thirds with three, &c. Thus, 25^ 14' 22" 35'" 
read 25 degrees, 14 minutes, 22 seconds, 35 thirds. 
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ibe mgrMifft* of any pboe, it is noon or mid-day at that 

place. 

9. The FiBST Meridian is that from which geographers 
begm to count the longitudes of places. In English maps 
and gldbes the first meridian is a semi-circle supposed to pass 
through the Boyal Observatory at Greenwich. 

10. The Equator is a great circle of the earth, equi-dis- 
tant from the poles: it divides the globe into two hemispheres, 
northern and southern. The latitudes of places are counted 
jf(m the equator, northward and southward, and the longi- 
4n<le6 of places &re reckoned upon it eastward and westward. 

The equator, "when referred to the heavens, is called the 
tquinoctialy because when the sun appears in it, the days and 
nights are equal all over the world, viz. 12 hours each. The 
declinations of the sun, stars, and planets, are counted from 
the equinoctial northward and southward, and their right 
asceDsions are reckoned upon it eastward round the celestial 
globe from to 360 degrees. 

11. The Ecliptic is a great circle in which the sun makes 
his apparent annual* progress among the fixed stars, and is 
therefore sometimes called the via solie or sun's path ; but 
»ere pro|>eriy it is the track which the earth would appear 
%) describe if idewed from the centre of the sun, and is hence 
4eQomiiiaJtod the heliocentric drcle of the earth. It is named 
id» edipticy because eclipses can only happen when the moon 
appears to be in or very near to this circle. The ecliptic 
cute the equkioctial at an angle of 23° 28^ ; the points of 
iotersecttooDL are called the equinoctial points. 

42. The Zodiac, on the celestial globe, is a space which 
extends about nine degrees on each side of the ecliptic, like 
ft holt or girdlcy within which the motions of all the planets f 
am performed. 

13. Signs of the Zodia.c. The ecliptic and zodiac arc 
4hrided into 12 equal parts, called signs, each containing 30 
iegrees* The sun makes his apparent annual progress 
4iiroii|rh the ediptie at the rate of nearly a degree in a day. 

* The 81111*8 «pp8i«nt diumal path is either in the equinoctial, or in 
lines nearly parallel to it ; and his apparent annual path may be traced 
in the heavens* by observing what particular constellation in tiie zodiac is 
<m the iiieri<tian at midnight ; the opposite constellation will show, very 
•tally, the sun's place at noon en the same day. 

t Except three of the newly discovered minor primary planets, vis. 
Crrw, FaUuh and Juno, 
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The names of the signs, and the days on which the sun enters 
them, are as follow : — 



Spring Signs. 
«f ArieSy the Kam, 21st of 

March. 
« Taurus, the Bull, 19th of 

April, 
n Gemini, the Twins, 20th 

of May. 



Summer Signs. 
® Cancer, the Crab, 21st of 

June. 
SI Leo, the Lion^ 22d of 

July. 
flR Virgo, the Virgin, 22d of 

August. 



These are called northern signs, being north of the equi- 
noctial. 



Autumnal Signs. 
^ Libra, the Balance, 23d of 

September, 
ni, Scorpio, the Scorpion, 23d 

of October. 
4^ Sagittarius, the Archer, 

22d of November. 



Winter Signs. 

Vf Capricomus, the Groaf, 
21st December. 

XT Aquarius, the Water- 
bearer, 20th January. 

K Pisces, the Fishes, 19th 
February. 



These are called the southern signs. 

The spring and autumnal signs are called ascending signs; 
because when the sun is in any of these, his declination is 
increasing. The summer and winter signs are called descend- 
ing signs, because when the sun is in any of these, his decli- 
nation is decreasing. 

14. The CoLURES are two great circles passing through 
the poles of the world ; one of them passes through the 
equinoctial points, Aries * and Libra ; the other through the 
solstitial points. Cancer and Capricorn ; , hence they are 
called the equinoctial and solstitial colures. They divide 
the ecliptic into four equal parts, and mark the four seasons 
of the year. 

15. Declination of the sun, of a star, or planet, is its dis- 
tance from the equinoctial, northward or southward. When 
the sun is in the equinoctial he has no declination, and en- 
lightens half the globe from pole to pole. As he increases 
in north declination he gradually shines further over the 

*^ In the time of Hipparchtu the equinoctial colure is supposed to have 
passed through the middle of the cotuteBaHon Aries. Hipparchus was a 
native of Nicaea, a town of Bithynia, in Asia Minor, about 75 miles S. £. 
i>f Constantinople, now called Isnic ; he made his observations between 
160 and 135 years before Christ 
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north pole, and leaves the south pole in darkness: in a 
similar manner, when he has south declination, he shines 
07er the south pole, and leaves the north pole in darkness. 
The greatest declination the sun can have is 23° 28^ ; the 
greatest declination a star can have is 90°, and that of a 
planet 30° 28' * north or south. 

16. The Tropics are two small circles, parallel to the 
equator (or equinoctial), at the distance of 23° 28^ from it ; 
the northern is called the Tropic of Cancer, the southern 
the Tropic of Capricorn. The tropics are the limits of the 
torrid zone, northward and southward. 

17. The PotAB CiBCLES are two small circles, parallel to 
the equator (or equinoctial), at the distance of 66° 32' from 
it, and 23° 28' from the poles. The northern is called the 
arctiCf the southern the antarctic circle. 

18. Parallels of Latitude are small circles drawn 
through every ten degrees of latitude on the terrestrial globe, 
parallel to the equator. Every place on the globe is supposed 
to have a parallel of latitude drawn through it, though there 
lire gener^y only sixteen parallels of latitude drawn on the 
terrestrial globe. 

19. The Hour Circle on the artificial globes is a small 
circle of brass, with an index or pointer fixed to the north 
pole: it is divided into 24 f equal parts, corresponding to 
the hours of the day, and these are again subdivided into 
bdves and quarters. The hour circle, when placed under 
the brass meridian, is movable round the axis of the globe, 
and the brass meridian, in this case, answers the purpose of 
an index. 

20. The Horizon is a great circle which separates the 
viable half of the heavens from the invisible; the earth 
being considered as 9, point in the centre of the sphere of the 

* Except the minor primary planets, Ceres, Juno, and Pallets, whose 
orbits are so much mclined to the ecliptic as considerably to exceed the 
Hmits of the zodiac. 

t Some globes have two rows of figures on the index, others but one. 
On Bardin*§ New British Globes there is an hour circle at each pole, 
numbered with two rows of figures. On Adams's common globes there 
is but one index ; and on his improved globes the hours are counted by 
a brass wire with two indexes standing over the equator. The form of 
the hour circle is, however, a matter of little consequence (provided it be 
placed under the brass meridian), as the equator will answer every pur- 
pOK to whi^ 8 circle of this kind can be applied. 
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fixed stars. Horizon, when appHed to tbe earth, k either 
sensible or rationaL 

21. The SfiNsiBLEV or visible horizon, is the circle which 
bounds our view, where the sky appears to touch the earth 
or sea. ♦ 

22. The Rational, or true horizon, is an imaginary pkne^ 
passing through the centre of the earth parallel to Uie sen- 
sible horizon. It determines the rising and setting of the 
sun, stars, and planets. 

23. The WooDBK Horizon, eircumscribing the artificial 
globe, represents the rational horizon on the real globew 
This horizon is divided into several conc^itxic circles^ which 
on BardUn^s t New British Globes are arranged in the fol- 
lowing order : — 

The First is marked amplitude, and is numbered from the 
east towards the north and south, from to 90 degrees, and 
from the west towards the north and south in the same man^- 
ner. 

The Second is marked azimuth, and is numbered from 
the north point of the horizon towards the east and west, 
from to 90 degrees: and from the south point of the 
horizon towards the east and west ia the same manner. 

The Third contains the thirty- two points of the compass^ 
divided into half and quarter points. The degrees in each 
point are to be found in the azimuth circle. 

The Fourth contains the twelve signs of the aodia<;, with 
the figure and character of each sign. 

The Fifth contains the degrees; of the signs, each sign 
comprehending 30 degrees. 

* The sensible horizon extends only a few miles ; for exatnple, if th& 
eye of a spectator supposed out at sea or standing on an extensive plane 
be elevated 6 feet above the surface of the sea or the plane on which he 
stands, the utmost extent of his view upon that surface or plane would be 
about three miles. Thus, if A be the height of the eye above the surface 

of the sea, and d the diameter of the earth in feet,, then V(<2 + A) x A, 
will show the distance which a person will be able to see straight forward. 
(£et7A's Trigonometry, Seventh Edition. Example XLV. page 83.) 

f Cart's Globes have a different division of the wooden horizon. The 
first circle, or that nearest to the globe, is numbered from the east and 
west towards the north and south, from to 90°. The second contain* 
the thirty -two points of the compass. The third, the signs of the zodiac. 
The fourth, the degrees of the signs. The fifth, the days of the months. 
The sixth, the names of the months. The wooden horizon of ADAMs!t 
Globes is divided in the same manner* 
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7%e Sixth contains the days of the month answering to 
Mdi degree of the sun's place in the ecliptic. 

The Seventh contains the equation of time, or difference 
ef time shown by a well-regulated clock and a correct sun* 
diaL When the clock ought to he faster than the dial, the 
munher of minutes, expressing the difference, is followed hy 
the sign + ; when the clock or watch ought to he slower, the 
nombev of minutes in the difference is followed hy the 
sigH— • 

J%e Eighth contains the twelve calendar months. 

24. The Caicdinal Fonrrs of the horizon are east, west, 
north, and soul^. 

25. The Oabdinal Points in the heavens are the zenith, 
the nadir, and the points where the sun rises and sets. 

26. The Cabdikal Points of the ecliptic are the equinoc- 
tial and solstitial points, which mark out the four seasons of 
the year \ and the CariMnal Signs are t Aries^ gs Cancer, 
A Libra, and IH Capricorn. 

27. The ZsNiTH is a point in the heavens exactly over our 
headS) and is the elevated pole of our horizon. 

28. The Nadir is a point in the heavens exactly under 
our feet, being the depressed pole of our horizon, and the 
seidth, or elevated pole, of the horizon of our antipodes. 

29. The Pole of any circle is a point on the surface of 
the globe, 90 degrees distant from every part of that circle 
of which it is the pole. Thus the poles of the earth are 90 
degrees from every part of the equator ; the poles of the 
ecliptic (on the celestial globe) are 90 degrees from every 
part of the ecliptic, and 23° 28' from the poles of the equi- 
noctial, consequently they are situated in the arctic and 
antarctic circles. Every circle on the globe, whether real or 
imaginary, has two poles diametrically opposite to each 

other. 

30. The Equinoctial Points are Aries and Libra, where 
the ecliptic cuts the equinoctial. The point Aries is called 
the vernal equinox, and the point Libra, the autumnal equi- 
nox. When the sun is in either of these points, the days 
and nights on every part of the globe are equal to each 
other. 

31. The Solstitial Points are Cancer and Capricorn. 
When the sun is in, or near, these points, the variation in 
bis greatest or meridian altitude is scarcely perceptible for 
several days; because the ecliptic near the&e po\xi\&\% ^iXiSiQ^X^ 
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parallel to the equinoctial, and therefore the sun has nearly 
the same declination for several days. — When the sun enters 
Cancer, it is the longest day to all the inhabitants on the 
north side of the equator, and the shortest day to those on 
the south side. When the sun enters Capricorn it is the 
shortest day to those who live in north latitude, and the 
longest day to those who live in south latitude. 

32. A Hemisphere is half the surface of the globe ; every 
great circle divides the globe into two hemispheres. The 
horizon divides the upper from the lower hemisphere in the 
heavens ; the equator separates the northern from the 
southern on the earth ; and the brass meridian, standing 
over any place on the terrestrial globe, divides the eastern 
from the western hemisphere. 

33. The Mariner's Compass ♦ is a representation of the 
horizon, and is used by seamen to direct and ascertain the 
course of their ships. It consists of a circular brass box, 
which contains a paper card, divided into 32 equal parts, 
and fixed on a magnetical needle that always turns towards 
the north. Each point of the compass contains 11° 15' or 
11 J degrees, being the 32d part of 360 degrees. 

* Though the attractive power of the magnet, or loadstone, was known 
to the Greeks at least as early as the time of Plato and Aristotle, yet the 
directive power of it, or that property whereby it disposes bars of iron or 
steel touched with it to lie along the plane of the meridian of any place, 
so as to point nearly due North and South, was certainly entirely un- 
known to them : neither is it satisfactorily proved by whom this property 
was discovered. By some it is ascribed to Paul the Venetian, who, it is 
said, first brought into use (about the year 1260) what is now called the 
Mariner's Compass. By others this instrument is said to have been in- 
vented by John Goia, a Neapolitan, in the year 1300; who is also spoken 
of as the first person who applied it to navigating ships in the Mediter- 
ranean. 

Tlie Variation of the needle, or its declination from the true north and 
south points, is a much later discovery, and is generally ascribed to Sebas- 
tian Cabot, a Venetian, or as some will have it, the sou of a Genoese 
merchant, who. resided at Bristol, where Sebastian was bom. lliis dis- 
covery was made about the year 1497, previous to which any deviation 
of the direction of the needle from the plane of the meridian was sup- 
posed to arise from some defect in the construction of the particular 
instrument in which it was observed. The variation of the needle was, 
as might naturally be expected, long considered constant, or to be 
invariably the same at the same place ; nor was the variation, to which what 
is called the variation of the needle is itself subject, fully ascertained till 
about the year 1625, when, according to Dr. Wallis (Philos. Trans. 
Nos. 276 — 278. ), it was first discovered by Mr. Gillibrand, one of the 
professors at Gresham College. — - R. 
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34. The Variation op the Compass is the deviation of 
its points from the corresponding points in the heavens. 
When the north point of the compass is to the east of the 
true north point of the horizon, the variation is east : if it 
be to the west, the variation is west. 

At present, in England, the needle points about 24? to 
the westward of the north. 









At Loi 


>nx>N in 








1576, the variation was, 


,11° 15' E. 


1790, 


- 


. 


23<^ 39' W. 


1612, - 


-> 


- 


6 10 E. 


1794, - 


- 


- 


23 54 W. 


1622, . 


. 


- 


6 E. 


1796, 


- 


• 


24 W. 


1634, - 


• 


- 


4 5 E. 


1800, 


- 


- 


24 2 W. 


1657 to 1662, 


• 


- 





1804, 


- 


- 


24 8 W. 


1666, - 


. 


- 


1 35 W. 


1806, 


. 


- 


24 8 W. 


1683, 


. 


- 


4 SO W. 


1820, 


. 


. 


24 34 W. 


1700, - 


• 


- 


8 W. 


1823, - 


- 


. 


24 10 W. 


1722, - 


• 


- 


14 22 W. 


1831, 


. 


- 


24 W. 


1747, - 


• 


- 


17 40 W. 


1842, 


• 


• 


23 11 W. 


1780, - 


- 


- 


22 10 W. 










The compass is 


used for setting the artificial globe north and south ; 


but care must be taken to make a proper allowance for the variation.* 



35. Latitxtde op a Place, on the terrestrial glohe, is its 
distance from the equator in degrees, minutes^ or geographi- 
cal miles, &c. and is reckoned on the brass meridian, from 
the equator towards the north or south pole. 

36. Latitude op a Star or Planet, on the celestial 
globe, is its distance from the ecliptic, northward or south- 
ward, counted towards the pole of the ecliptic, on the 
quadrant of altitude. The greatest latitude a star can have 
18 90 degrees, and the greatest latitude of a planet is nearly 
8 degrees, t The sun being always in the ecliptic, has no 
latitude. 

37. The Quadrant op Altitude is a thin flexible piece 
of brass divided upwards from to 90 degrees, and down- 
wards from to 18 degrees, and when used is generally 
screwed to the brass meridian. The upper divisions are 
used to determine the distances of places on the earth, the 

♦ It will be observed by the above table that, without any assignable 
cause, the needle pointed due north for five years, 1657 — 1662. What 
is called the dip of the needle, is its deviation from the horizontal line 
when suspended so as to swing vertically. This is 70° in this latitude. 
It points to the seat of magnetic force in the earth. — T. 

t Trfe newly discovered planets, or Asteroids, Ceres and Pallas^ &c..» 
^ not appear to be confined within this limit. 
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distances of the celestial bodies, their altitudes, kc.^ and the 
lower divisions are applied to finding the beginning, end, 
and duration of twilight. 

38. LoNaiTUDE OF A Flacb^ on the terrestrial globe, is 
the distance of the meridian of that place from the first meri- 
dian, reckoned in degrees and parts of a decree on the 
equator. Longitude is either eastward or westitard, accord- 
ing as the place is eastward or westward of the first meridian. 
The greatest longitude that a place can have is 180 degrees, 
or half the circumference of the globe. 

39. Longitude op a Star, or Planet, is reckoned on 
the ecliptic from the point Aries, eastward, round the celes- 
tial globe. The longitude of the sun is what is ca]iLed^ the 
sun's place on the terrestrial globe. 

40. Almaoantars, or parallels of altitude, are imaginary 
circles parallel to the horizon, and serve to show the height 
of the sun, moon, or stars. These circles are not drawn on 
the globe, but they may be described for any latitude by the 
quadrant of altitude. 

41. Parallels of Celestial Latitui>e are small circles 
drawn on the celestial globe parallel to the ecliptic. 

42. Parallels of Declination are small circles parallel 
to the equinoctial on the celestial globe, and are similar to 
the parallels of latitude on the terrestrial globe. 

43. Azimuth, or Vertical Circi!.£S, are imaginary great 
circles passing through the zenith and the nadir, cutting the 
horizon at right angles. The altitudes of the heavenly bodies 
are measured on these circles, which circles may be repre- 
sented by screwing the quadrant of altitude on the zenitk at 
any place, and making the other end move along the wooden 
horizon of the globe. 

44. The Prime Vertical is that azimuth circle which 
passes through the east and west points of the horizon, and 
is always at right angles to the brass meridian, which may 
be considered as another vertical circle passing through the 
north and south points of the horizon. 

45. The Altitude of any object in the heavens is an arc 
of a vertical circle, contained between the centre of the 
object and the horizon. When the object i& upon the men* 
dian, this arc is called the meridian altitude. 

46. The Zenith Distance of any celestial object is the 
arc of a vertical circle, contained between the centre of that 
object and the zenith v or it is what the altitude of the object 
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wsBts of 90 degrees. When the object is on the meridian, 
this arc is eklled the meridian zenith distance. 

47. The Poi-AB Distance of any celestial object is an arc 
of a meridian, contained between the centre of that object 
and the pole of the eqninoctiaL 

48. The Amputude of any object in the heavens is an 
arc of the borison, contained between the centre of the object 
when rising, or setting, and the east or west points of the 
horizon. Or, it is the distance which the sun or a star rises 
hm. the east, and sets from the west, and is used to find the 
rariation of the con^)ass at sea. When the sun has north 
declination, it rises to the north of the east, and sets to the 
north of the west ; and when it has south declination, it 
rises to the south of the east, and sets to the south of the 
west. At the time of the equinoxes, when the sun has no 
declination, viz, on the 21st of March, and on the 2dd of 
September, it rises exactly in the east, and sets exactly in 
the west. 

49. The Azimuth of any object in the heavens is an arc 
of the horizon, contained between a vertical circle passing 
through the object, and the north or south points of the 
horizon. The azimuth of the sun, at any particular hour, is 
used at sea for finding the variation of the compass. 

50. Hour Circles, or Horary Circles, are the same as 
the meridians. They are drawn through every 15 degrees* 
of the equator, each answering to an hour — consequently 
every degree of longitude answers to four minutes of timej 
every half degree to two minutes, and every quarter of a 
degree to one minute. 

On the globes these circles are supplied by the brass meri- 
dian, the hour circle and its index. 

51. The Six O'CLOCK Hour Line. As the meridian of 
lay place, with respect to the sun, is called the 12 o'clock 
hour circle ; so that great circle passing through the poles, 
which is 90 degrees distant from it on the equator, is called 
hy astronomers the six o'clock hour circle, or the six* o'clock 
hour line. The sun and stars are on the eastern half of this 
circle 6 hours before they come to the meridian ; and on the 
Western half six hours after they have passed the meridian. 

52. Culminating Point of a star or planet is that point 
of its orbit which, on any given day, is the most elevated. 

* On Cary's large Globes the meridians are drawn through every 
10 degrees, as on a Map. 
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Hence a star or planet is said to culminate when it comes to 
the meridian of any place ; for then its altitude at that place 
is the greatest. 

53* Apparent Noon is the time when the sun comes to 
the meridian; viz. 12 o'clock, as shown by a correct sun- 
dial. 

54. True or Mean Noon, 12 o'clock, as shown by a well- 
regulated clock, adjusted to go 24 hours in a mean solar 
dat/. 

55. The Equation op Time at noon is the interval be- 
tween the true and apparent noon, viz. it is the difference of 
time shown by a well-regulated clock and a correct sun-diaL 

56. A True Solar Day is the time from the sun's leaving 
the meridian of any place, on any day, till it returns to the 
same meridian on the next day ; viz. it is the time elapsed 
from 12 o'clock at noon, on any day, to 12 o'clock at noon 
on the next day, as shown by a correct sun-dial. A true 
solar day is subject to a continual variation, arising from the 
obliquity of the ecliptic, and the unequal motion of the earth 
in its orbit ; the duration thereof sometimes exceeds, at 
others falls short of 24 hours, and the variation is the 
greatest about the first of November, when the true solar 
day is 16' 17''' less than 24 hours, as shown by a well-regu- 
lated clock. 

57. A Mean Solar Day is measured by equal motion, as 
by a clock or time-piece, and consists of 24 hours. There 
are in the course of a year as many mean solar days as there 
are true solar days, the clock being as much faster than the 
sun-dial on some days of the year, as the sun-dial is faster 
than the clock on others. Thus the clock is faster than the 
sun-dial from the 24th of December to the 15th of April, 
and from the 16th of June to the 31st of August : but from 
the 1 5th of April to the 16th of June, and from the 81st of 
August to the 24th of December, the sun-dial is faster than 
the clock. When the clock is gaining on the sun-dial, 
the solar day exceeds 24 hours ; and when the sun-dial is 
gaining on the clock, the solar day is less than 24 hours ; 
but when the clock and the sun-dial agree, viz. about the 
15th of April, 16th of June, 31st of August, and 24th of 
December, the solar day is exactly 24 hours. 

58. The Astronomical Day is reckoned from noon to 
noon, and consists of 24 hours. This is called a natU7'al day, 
being of the same length in all latitudes. 
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69. The Aktificial Day is the time elapsed between the 
Sim's rising and setting, and is variable according to the dif* 
ferent latitudes of places. 

60. The CivxL Day, like the astronomical or natural day, 
consists of 24 hours, but begins differently in different 
nations. The ancient Babylonians, Persians, Syrians, and 
most of the eastern nations, began their day at sun-rising. 
The ancient Athenians and the Jews began their day at 
sun-setting, which custom is followed by the modem Aus- 
trians, Bohemians, Silesians, Italians and Chinese. The 
Arabians hegin their day at noon, like the modem astro- 
nomers. The ancient Egyptians and Romans began their 
day at midnight, and this method is followed by the English, 
French, Germans, Dutch, Spanish and Portuguese. 

61. A Sedereax Day is the interval of time from the 
passage of any fixed star over the meridian, till it returns to 
it again : or it is the time which the earth takes to revolvd 
once round its axis, and consists of 23 hours, 56 minutes, 
409 seconds of mean solar time. 

In elementary books of astronomy and the globes, the learner is gene- 
ndly told that the earth turns on its axis from west to east in 24 hours ; 
but the truth is, that it turns on its axis in 23 hours, 56 minutes, 409 sees., 
mitUng about 366 revolutions in 365 days, or a year. The natural day 
would always consist of 23 hours, 56 minutes, 4*09 sees., instead of 24 
bours, if the earth had no other motion than that on its axis ; but while 
the earth has revolved eastward once round its axis, it has advanced nearly 
one degree* eastward in its orbit. To illustrate this, suppose the sun to 
be upon any particular meridian at 12 o'clock on any day ; in 23 hours, 
56 minutes, 4*09 sees., afterwards, the earth will have performed one 
entire revolution ; but it will at the same time have advanced nearly one 
degree eastward in its orbit, and consequently that meridian which was 
opposite to the sun the day before, will be now one degree westward of it ; 
therefore the earth must perform something more than one revolution 
before the sun appears again on the same meridian ; so that the time from 
the sun's being on the meridian on any day, to its appearance on th« 
tune meridian the next day, is 24 hours. 

62. A Soi-AR Year, or tropical year, is the time the sun 
takes in passing through the ecliptic, from the tropic, or 

* The earth goes round the sun in 365 j^ days nearly ; and the ecliptlo^ 
which is the earth's path round the sun, consists of 360 degrees ; hence 
by the rule of three, 365^ D : 360 deg. :: 1 D : 59' 8"-3, the daily 
Aetn motion of the earth in its orbit, or the apparent mean motion of the 
■an in a day. Hence a clock or chronometer, the index of which per- 
^ms an exact circuit whilst the earth (or the meridian of an observer) 
moves over 360^ 5^ 8'' '3, is said to be adjusted to mean solar tim^ 
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equinozy till it returns to it agam : and consists of 365 days, 
5 hou^s, 48 minutes, 49 seconds. 

63. A Sidereal Year is the time which the sun takes in 
passing from any fixed star, till he returns to it again, and 
consists of 365 days, 6 hours, 9 minutes, 12 seconds ; the 
sidereal year is therefore 20 minutes, 23 seconds longer than 
the tropical year, and the sun returns to the equinox every 
year before he returns to the same point of die heavens ; 
consequently the equinoctial points have a retrograde 
motion* 

64 The Precession of the Equinoxes (or more pro- 
perly the recession of the equinoxes) is a slow motion which 
the equinoctial points have from east to west, contrary to 
the order of the signs, which is from west to east. 

This motion, from the best observations, is about 50*1 * 
seconds in a year, so that it would require 25,868 years f for 
the equinoctial points to perform an entire revolution west- 
ward round the globe. 

In the time of Hipparchus and the oldest astronomers, the equinoctial 
points were fixed in Aries and Libra : but the sigifs which were then in 
conjunction with th6 sun, when he was in the equinox, are now a whole 
sign, or 30 degrees eastward of it ; so that Aries is now in Taurus, 
Taurus in Gemini, &c., as may be seen on the celestial globe. Hence 
also the stars, which rose and set at any particular season of the year in 
the time of Hesiod|, £udoxus§ and Pliny||, do not answer to the descrip- 
tion given by those writers. 

* In Woodhotue'a Astronomy, the mean annual precession is stated to 
be 50^' '34, and in the new French Solar Tables 50''*103. 

f For the circumference of the equator is 360 degrees, and 50''*1 : 
1 year : : 360 : 25,868 years. 

f HssioD was a celebrated Grecian poet, bom at Ascra, in Bceotxa* 
supposed to have flourished in the time of Homer ; he was the first who 
wrote a poem on Agriculture, entitled The Works and the Days, in which 
he introduces the rising and setting of particular stars, &c. Several 
editions of his work are now extant. 

§ Eunoxus was a great geometrician and astronomer, from whom 
Euclid, the geometrician, is said to have borrowed great part o( his 
elements of geometry. Eudoxus was bom at Cnidus, a town of Caria, in 
Asia Minor; he flourished about 370 years before Christ. 

II Plimt, generally called Pliny the Elder, was bom at Verona, in 
Italy ; he composed a work on natural history in 37 books ; it treats/ of 
the stars, the heavens, wind, rain, hail, minerals, trees, flowers, plants, 
birds, fishes, and beasts ; l>esides a geographical description of every place 
on the globe. Pliny perished by an eruption of Vesuvius, in the 
79th year of Christ, from too eager a curiosity in observing the phe- 
nomenon. 
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65. Positions of the Sphese are three : rigbi, parftUel, 
and oblique* 

66* A Bight Sphere is that position of the earth where 
the equinoctial passes through the zenith and the nadir, the 
poles being in the rational horizon. The inhabitants who 
hftTe this position of the sphere live at the equator : it is 
called a right sphere, because the parallels of latitude cut the 
horizon at right angles. In a right sphere the parallels of 
latitude are divided into two equsJ parts by the horizon, and 
the daya and nights are of equal length. 

67. A Parallel Sphere is that position the earth has 
when the rational horizon coincides with the equator, the 
poles being in the zenith and nadir. The inhabitants who 
baTC this position of the sphere (if there be any such in- 
habitants) live at the poles : it is called a parallel sphere^ 
because all the parallels of latitude are parallel to the horizon. 
In a parallel sphere the sun appears above the horizon for 
Six months together, and he is below the horizon for the 
same length of time. 

68. An Oblique Sphere is that position the earth has 
when the rational horizon cuts the equator obliquely, and 
hence it derives its name. AU inhabitants on the face of the 
earth (except those who live exactly at the poles or at th^ 
equator) have this position of the sphere. The days and 
nights are of unequal lengths, the parallels of latitude being 
divided into unequal parts by the rational horizon. 

69. Climate is a part of the Surface of the earth con* 
tained between two small circles parallel to the equator, and 
of such a breadth, that the longest day in the parallel of lati- 
tude nearest the pole, exceeds the longest day in the parallel 
nearest the equator, by half an hour, in the torrid and tem- 
perate zones, or by a month in the frigid zones ; so that 
there are 24 climates between the equator and each polar 
circle, and six climates between each polar circle and its 
pole. 
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I. CLIMAT£iS between the Equator and the Polar Circles. 


aimate. 


Ends 

inLatU 

tude. 


Where 

the 
longest 
Dayu. 


Breadths 

of the 
Climates. 


Climate 


Ends 

inLati. 

tude. 


Where 

the 
longest 
Day is. 


Breadths 

of the 
Climates. 




D. M. 


H. M. 


D. M. 




D. M. 


H. M. 


D. M. 


I. 


8 S4 


12 SO 


8 34 


XIII. 


.59 59 


18 30 


1 32 


II. 


16 44 


13 — 


8 10 


XIV. 


61 18 


19 — 


1 19 


III. 


24 12 


13 30 


7 28 


XV. 


62 26 


19 30 


1 8 


IV. 


30 48 


14 — 


6 36 


XVI. 


63 22 


20 — 


— 56 


V. 


36 31 


14 30 


5 43 


XVII. 


64 10 


20 3Q 


— 48 


VI. 


41 24 


15 — 


4 53 


XVIII. 


64 50 


21 — 


— 40 


VII. 


45 32 


15 SO 


4 8 


XIX. 


65 22 


21 30 


— 32 


VIII. 


49 2 


16 — 


3 SO 


XX. 


65 48 


22 -J 


— 26 


IX. 


51 59 


16 30 


2 57 


XXI. 


66 5 


22 30 


— 17 


X. 


54 SO 


17 — 


2 31 


XXII. 


66 21 


23 — 


— 16 


XL 


56 38 


17 30 


2 8 


XXIII. 


66 29 


23 30 


— 8 


XII. 


58 87 


18 — 


1 49 


XXIV. 


66 32 


24 — 


— 3 


11. CI 


.IMAT£S bet 


ween the 


Polar Cir( 


:lxs and the Poles. 


Climate. 


Ends 

inLatt- 

iude. 


Where 

the 
longest 
Day is. 


Breadths 

of the 

Climates. 


Climate. 


Ends 

inLati. 

tude. 


Where 

the 
longest 
Day is. 


Breadths 

of the 

Climates. 




D. M. 


Da.M. 


D. M. 




t). M. 


Da.M. 


D. M. 


XXV. 


67 18 


30 or 1 


— 46 


XXVIII. 


77 40 


120or4 


4 35 


XXVI. 


69 33 


60 — 2 


2 15 


XXIX. 


82 59 


150—5 


5 19 


XXVII. 


73 5,90 — 3 


3 32 


XXX. 


90 — 


180—6 


7 I 



The preceding tables may be constructed by the globes, as will be 
shown in the problems, but not with that exactness given above. Tables 
of this kind are generally copied from one author into another, without 
any explanation of the principles on which they are founded. 

Constnution of Ihe first Table, 

In plate IV. figure IV. ho represents the horizon, jbq the equator, 
c a parallel of the sun's greatest declination, mo the elevation of the 
pole or latitude of the place ; the angle cab measured by the arc qo, the 
complement of the latitude ; a 6 is the ascensional difference, or the time 
the sun rises before 6 o'clock, and b c the sun's declination. Hence, by 
Baron Napier's rules (see KeitVa Spherical Trigonometry), rod, x sine 
a b ss cotangent a* (^or tangent no) x tangent b c, 

viz. Tangent of the sun's greatest declination 23° 28', 
Is to radius, sine of 90 degrees ; 
As sine of the sun*s cucensional difference, 
Is to tangent of latitude, . A general rule. 
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At the end of the first climate the sun rises ^ before 6 ; and in every 
climate, if you take half the length df the longest day, and deduct 6 hours 
therefrom, the remainder turned into degrees will give the ascensional 
difference. Hence the ascensional difference, for the first climate, is 
fifteen minutes of time, equal to 3^ 45' ; for the second climate SO 
minutes = 7° SO' ; for the third climate 45 minutes » 11^ 15' ; for the 
fourth climate 1 hour a 15°, &c. 



Tangent of 23° 28' 9-63761 

Is to radius, sine of 90°... 10*00000 
A88meof3°45' 8-81560 



Is to tang. lat. 8® 34^ 9'17799 



Tangent of 23° 28' 9'63761 

Is to radius, sme of 90°... 10*00000 
As sine of 7° 30' 9-11570 



Is to tang, lat 16° 44'.... 9*47809 



Construction of the second Table, 

The longest day is the 21st of June, when the sun's declination is 23® 
28' north. Count half the length of the day from the 21st June, forward 
and backward ; find the sun's declination answering to those two days in 
tile nautical almanac, or in a table of the sun's declination ; add the two 
declinations together, and divide their sum by 2, subtract the quotient 
from 90 degrees, and the remainder is the latitude. ■ As the sun's declina- 
tion is variable, it ought to be taken out of the almanac, or tables, for 
leap-year and the three following years, a mean of these declinations, used 
as above, will give the latitude as correctly as the nature of the problem 
admits of, and in this manner the second table was constructed. — Ric- 
ciou (an Italian astronomer and mathematician, born at Ferrara, in the 
Pope's dominions, 1598), in his AstronomuB Reformat<B^ published in 1665, 
makes an allowance for the refraction of the atmosphere ir a table of cli- 
mates. He considers the increase of days to be by half hours, from 1 2 to 
16 hours ; by hours from 16 to 20. hours ; by 2 hours, from 20 to 24 
hours ; and by months in the frigid zones, making the number of the 
days of each month in the north i&igid zone something more than those 
in the south ; but as the refraction of the atmosphere is so extremely 
variable, that scarcely any two mathematicians agree with respect to the 
quantity, it is evident that a table of climates, calculated with such an 
uncertain allowance, can be of no material advantage. 

70. A Zone is a portion of the surface of the earth con- 
tained between two small circles parallel to the equator, and 
is similar to the term climate, for pointing out the^ situations 
of places on the 'earth, but less exact ; as there are only five 
zones, which have been distinguished by particular names ; 
whereas there are 60 climates. 

71. The Torrid Zone extends from the tropic of Cancer 
to the tropic of Capricorn, and is 46° 5& broad. This zone 
Was thought by the ancients to be uninhabited, because it is 
continually exposed to the direct rays of the sun ; and such 
parts of the torrid zone as were known to them were sandy 
deserts^ as the middle of Africa, Arabia, ^. ', 9>sA >(\i^ki& 
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sandy deseHs extend beyond the left bank of the Indus, 
towards Agimere. 

72. The Two Tempbratb Zones. The north temperate 
eone extends from the tropic of Cancer to the arctic circle ; 
and the south temperate zone from the tropic of Capricorn 
to the antarctic circle. These zones are each 48^ 4^ broad, 
and were called temperate l^ the andents, because meeting 
the sun's rays obliquely, they enjoy a moderate degree of 
heat. 

73. The Two Frigid Zones. The north frigid zone, op 
rather segment of the sphere, is bounded by the arctic circle. 
The north pole, which is 23^ 28^ from the arctic circle, is 
situated in the centre of this zone. The south frisid zone 
is bounded by the antarctic circle, distant 23° 28' from the 
south pole, which is situated in the centre of this zone. 

74. AMPmsoi^are the inhabitants of the torrid zone ; so 
called, because their shadows fall north or south at different 
times of the year ; the sun being sometimes to the south of 
them at noon, and at other times to the north. When the 
sun is vertical, or in the zenith, which happens twice in the 
year, the inhabitants have no shadow, and afe then called 
Ascn, or shadowless^ 

75. Heteicosch is a name given to the inhabitants of the 
temperate zones, because their shadows at noon fall only one 
way. Thus, the shadow of an inhabitant of the north tem- 
perate zone always falls to the north at noon, because the 
sun is then due south ; and the shadow of an inhabitant of 
the south temperate zone falls towards the south at noon, 
because the sun is due north at that time. 

76. PERison are those people who inhabit the frigid zones, 
so called, because their shadows, during a revolution of the 
earth on its axis, are directed towards every point of the 
compass. In the frigid zones the sun does not set during 
several revolutions of the earth on its axis. 

77. Antceci are those who live in the same degree of 
longitude, and in equal degrees of latitude, but the one in 
north and the other in south latitude. They have noon at 
the same time, but contrary seasons of the year ; conse- 
quently, the length of the days to the one is equal to the 
length of the nights to the other. Those who live at th6 
equator can have no Antoeci. 

78. Periceci are those who live in the same latitude, but 
in opposite longitudes ; when it is noon with the one^ it iB 
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ibidnight 'frith the othet ; they have the same length of days, 
snd the same seasons of the year. The inhabitaiits of thd 
poles can have no Perioeoi. 

79. Antifoi^s are those inhabitants of the earth who livo 
diametrically opposite to each other, and consequently walk 
feet to feet ; their latitudes, longitudes, seasons of the year, 
days and nights, are all contrary to each other. 

80. The Right Ascension of the sun, or of a star, is that 
d^ree ef the equinoctial which rises with the sun, or star, 
in a right sphere, and is reckoned from the equinoctial point 
Aries eastward round the globe. 

81. Oblique Ascension of the sun, or of a star, is that 
degree of the equinoctial which rises with the sun or star, in 
aft oblique sphere, and is likewise counted from the point 
Aries eastward round the globe. 

82. Oblique Descension of the sun, or of a star, is that 
degree of the equinoctial which sets with the sun or star in 
an oblique sphere. 

83. The Ascensional or Descensional Difference is 
the difference between the right and oblique ascension, or 
the difference between the right and oblique descension, and, 
with respect to the sun, it is the time he rises bef(H*e 6 in 
the spring and summer, or sets before 6 in the autumn and 
winter. 

84. The Crepusculum, or Twilight, is that faint light 
which we perceive before the sun rises, and after he sets. It 
is produced by the rays of light being refracted in their 
passage through the earth's atmosphere, and reflected from 
the different particles thereof. The twilight is supposed to 
end in the evening when the sun is 18 degrees below the 
hmzon, or w^hen stars of the sixth magnitude (the smallest 
that are visible to the naked eye) begin to appear ; and the 
twilight is said to begin in the morning, or it is day-break^ 
when the sun is again within 18 degrees of the horizon. The 
twilight is the shortest at the equator, and longest at the; 
poles ; here the sun is near two months before he retreats 
18 degrees below the horizon, or to the point where his rays 
are entirely withdrawn from the atmosphere ; and he is only 
two months more before he arrives at the same parallel erf 
latitude. 

85. Refractioin. The ^arth is surrounded by a body of 
air, called the Axmosphekb, through which the rays of li^ht 
come to the eye from all the heavenly \k>^\^ \ ^dl^ ^o^^j^ 
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these rays are admitted through a vacuum^ or at least 
through a very rare medium *, and fall obliquely upon the 
atmosphere, which is a dense medium, they will, by the laws 
of optics, be refracted in lines approaching nearer to a per- 
pendicular from the place of the observer (or nearer to the 
zenith) than they would be were the medium to be re- 
moved. Hence all the heavenly bodies appear higher than 
they really are, and the nearer they are to the horizon the 
greater the refraction, or difference between their apparent 
and true altitudes will be: at noon the refraction is the 
least. The sun and the moon appear of an oval figure some- 
times near the horizon,>by reason of refraction ; for the under 
side being more refracted than the upper, the perpendicular 
diameter will be less than the horizontal one, which is not 
affected by refraction. 

/P 




It has long been established, by experiment, that a ray of light passing 
from a rarer to a denser medium, is refracted towards the denser medium. 
Thus, if ABC be the' boundary between two media, of which the lower 
one is the denser, then a ray of light sb, instead of pursuing its direction 
sam, is deflected in the direction bk, and a star, instead of appearing at s, 
would appear at e, that is nearer to a perpendicular bp meeting a tangent 
Tt at the point of incidence b. Again, if dkf be a similar boundary sepa- 
rating the rarer medium contained between abc and def from the denser 
medium contained between dbf and ohi, the ray of light instead of pur- 
suing its new course Bsn will be again deflected in the direction eh ; and 
similar effects will be produced if more media and their boundaries be 

* Any fluid or substance through which a ray of light can penetrate, is 
called a medium, as air, water, oil or glass. The air near the surface of 
the earth is more dense than in the higher regions of the atmosphere ; and 
beyond the atmosphere, the rays of light are supposed to meet with little 
■or no resistance. 
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a Ts; of lighl, insteiul of being a continued ittught Ii>e, 

IHL, &c. If we nippose these media to be indefiniiel; increased and 
tbeir bouodsries to approach each otber b; spaces eitremely snult, the 
parts UK, EH, HL, may be considered aa curvilinear, and the course of a raj, 
initead of being poljgonil, will be a curve, concave towards the denser 
medium. IlLis may be mure adequately reptesented by the fbl]E>wing 

Here the media are do 
lEOger parcelled out into 
di^rent ttrata of variable 
ikmty, but are considered 
B one medium of a denalt; 
continually varying; such 
is the earth's atmosphere, 

bee, and decreuing towards 
the higher regions. A ray 
of light will consequently, 
in its passage through the 
atmosphere, be deflected 

irards the earth's BUr&ce, 
i«l wilt enter a spectator's 
ejt in the direction of a 
tangent to that curve ; a star will, therefore, appear in that direction- 
Let o be the place of an observer, hob his horiion, and s a Mar ; aod a 
Kciion of the earth, formed b; a vertical plane pasupg through the star 
at a and the centre (c) of the earth. Here c is the apparent place of the 
■tar, and s its true place; the angle eoa is the apparent altitude of the 
alir, and the angle soa its true altitude, the angle cos, therefore, is the 
refraction. If the siar were at z, the zenith of the observer, its height 
■Duld Buffer no refraction.* Refraction depends upon a star's altitude 
and the density and temperature of the air, or upon the height of an 
object, and the state of the atmosphere ; hence we are sometimes able 
to see the tops of mountains, towers, or spires of churches, which at other 
times are Invisible, although we aland in the aame place. The ancienu 
knew nothing of refraction : the litst who composed a table thereof was 

formula by Dr. SratSty, being the result of numerous eiperimentL In 
tbe Connaissonce des Tems for 1839 there is a table of retrac^ons^ cal- 
eidated by Messrs. Bouiard and Arago from a formula by Laplace. 
IMlduaatpie Ctbtte, tome iv. p. 371.) 

The sun's meridian altitude on the longest day decreases from the 
tropic of Cancer to the north pole ; and in the torrid zone, when the sun 
ia vertical there is no refraction ; hence the refraction J* the least in tbe 
torrid zone, and greatest at the poles. Varenius, in his Geography, 
speaking of the wintering of the Dutch in Nova ZerobK latitude 76» 
north, in the year 1596, says, they saw the sun in the year \5ffl six days 
•ooner than they would have seen bim, bad there been no refraction. 

* F<K an illustntioD of tbe aObeu of the auaaq^hae, w« Rota I. Ptg.%. 
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86. Parallax. That part of the heavens in which a 
planet would appear, if viewed from the surface of the earth, 
IS called its apparent place; and the point in which it 
would be seen at the same instant from the centre of the 
earth is called its true place : the difference is the parallax. 
A star, on account of its great distance from the earth, has 
no sensible parallax. 

Let c be the centre of the earth, o 
the place of an observer on its sur- 
£Eice, whose sensible horizon is hor, 
and zenith z. Then if znrmR be a 
portion of a vertical circle in the 
heavens, and s the real place of any 
object in the horizon, if cs be joined 
and produced to m it will show the h 
true place of s ; the angle msa or cso 
IS the parallax. Hence the altitudes 
of the celestial bodies are depressed 
by parallax, which is greatest at the 
horizon, and decreases as the alti- 
tude of the object increases ; for the 
angle cot; is greater than the angle cos, consequently the angle ovc is less 
than the angle osc. At the zenith z the angle ovc vanishes, and therefore 
the parallax ceases. 

87. Angle op Position between two places on the terres- 
trial globe is an angle at the zenith of one of the places ; 
formed by the meridian of that place, and a vertical circle 
passing through the other place, being measured on the 
horizon from the elevated pole towards the vertical circle. 

The Angle of Position of a Star, is an angle formed by two great 
circles intersecting each other in the place of the star, the one passing 
through the pole of the equinoctial, the other through the pole of the 
ecliptic. This angle may be computed from the obliquity of the ecliptic, 
and the co-latitude and co- declination of the star ; it is used in several 
astronomical calculations. M. Lalande has given a table of the angles of 
positions of stars in his Astronomy, 2d edit. vol. i. page 488. ; and in the 
Oonnaiasance des Terns for 1804, there is a table of the same kind. 

88. Rhumbs are the divisions of the horizon into 32 parts, 
called the points of the compass. The ancients were ac- 
quainted only with the four cardinal pdlnts, and the wind 
was said to blow from that point to which it was neai'est.* 

A Rhumb line, geometrically speaking, is a loxodromic or spiral curve, 
dr&wn or supposed to be drawn upon the earth, so as to cut each meri* 

— — - — 

♦ Pliny's Nat. Hist. Book II. cap. 47. 
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dim at the same angle, called the proper angle of the rhumb. If this 
line be continued, it will never return into itself so as to form a circle, 
eicept it happens to be due east and vest, or due north and south ; and 
it can never be a straight line upon any map, except the meridians be 
parallel to each other, as in Mercator's and the plane chart. Hence the 
diflSculty of finding the true bearing between two places on the terrestrial 
globe, or on any map but those above mentioned. The bearing found 
by a quadrant of altitude on^a globe, is only the measure of a spherical 
angle upon the surface of that globe, as defined by the angle of position, 
and not the real bearing or rhumb, as shown by the compass; for, by the 
compass, if a place a bear due east from a place b, the place b will bear 
due west from the place a ; but this is not the case when measured with 
a quadrant of altitude. 

89. The Fixed Stabs are so called because they have 
usually been observed to keep the same distance with respect 
to each other. The stars have an apparent motion from 
east to west, in circles parallel to the equinoctial, arising 
from the revolution of the earth on its axis, from west to 
east : and, on account of the precession of the equinoxes, 
theu* longitudes increase about 50^ seconds in a year ; this 
likewise causes a variation in their declinations and right 
ascensions : their latitudes are also subject to a small vari- 
ation. 

90. The Poetical Rising and Setting of the Stars, 
80 called because they are taken notice of by the ancient 
poets, who referred the rising and setting of the stars to the 
son. Thx7S, when a star rose with the sun, or set when the 
sun rose, it was said to rise and set Cosmically. When a 
star rose at sun-setting, or set with the sun, it was said to 
rise and set Acronicallt. When a star first became visi- 
Ue in the morning, after having been so near the sun as to 
bd hidden by the splendour of his rays, it was said to Rise 
Heuacally ; and when a star first became invisible in the 
evening, on account of its nearness to the sun, it was said to 
Set Heliacally. 

91. A Constellation is an assemblage of stars on the 
surface of the celestial globe, circumscribed by the outlines 
of some assumed figure, as a ram, a dragon, a bear, dec. 
Tliis division of the stars into constellations is necessary, in 
order to direct a person to any part of the heavens where a 
particular star is situated. 

The following tables contain all the constellations on the BarriSH 
Globxs. The zodiacal constellations are 12 in number, the MOaTHxaK 
constellations 35, and the southcrn 49, making in the whole 96. By 
*(^g together the numbers of stars in ikejirst columns of the following 
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tables, the total will be found to be 2930 ; of this number there are only 
19 of the first magnitude, and 422 cannot be seen at London. The 
largest stars are called stars of the first magnitude. Those of the sixth 
magnitude are the smallest that can be seen by the naked eye. The 
figures on the left hand of the tables show the number of stars in each 
constellation as given in the Royal Astronomical Society's Catalogue. 
Rt. Asc denotes the right ascension, Dec. the declination of near the 
middle of the several constellations, for the ready finding them on the 
globe. \ 

I. Constellations in the Zodiac. 

Names of the Coiisteilations, and of the principal Stars 
in each, with their Magnitudes. 



65, Aries, I%e Ram^ a Arietis 3, - 

^60. Taurus, The BvU, a Aldebaran 1, the Pleiades and 
Hyades, - . - - 

83. Gemini, The Twins, a* Castor 8, fi Pollux 2, 
71. Cancer, The Crab, Acuhene 4, or fi 4, 
96. Leo, The Lion, a Regulus or Cor Leonis 1, Deneb 2 

123. Virgo, 2%« Virgin, a Spica Virginis 1, € Vende- 

miatrix 2, - - • - 

61. Libra, The Balance, Zubenich Meli 2, or i3 Librae - 

63. Scorpio, The Scorpion, a Antares 1, or a Scorpii, - 

136* Sagittarius, 7%e Archer, a Sagittarii 3, - 
81. Capricomus, 7%e Goat, a Capricorn! 3, - 

139. Aquarius, The Water Bearer, 8 Scheat 3 and i3 3, 

123. Pisces, The Fishes, - - - - 

II. The No&thekn Constellations. 

25. Andro'meda, a Alpherat 1, or iS Mirach 2, 
57. Aquila, The Eagle, with Antinous, a Atair 1, 
36. Auri'ga, The Charioteer or Waggoner, a Capella 1, 
48. Bootes, a Arcturus 1 , e Bootis 3, - - 

13. Camelopardalis, The Camelopard, 
5. Canes Venatici, and Cor Caroli, Charleses Heart, 
Asterion and Chara, ... 
— Caput Medusae, J%e Head of Medusa. See Perseus, 
19. Cassiope'a, The Lady in her Chair, Schedar 3, 
25. Cepheus, Alderamin 3, - 

Cerberus, The Three-headed Dog. See Hercules, - 
9. Clypeum vel Scutum Sobieski, SchieskVs Shield, - 
36. Coma Bereni'ces, Berenice's Hair, 
13. Corona Borealis, 7%e Northern Crown, Alphaoca 2, 
38. Cygnus, The Swan, Deneb 1, - 
16. Delphi'nus, The Dolphin, 
40. Draco, T/^ Dragon, $ 2, and y2, 
11. Equulus, The Little Horse, 
73. Hercules and Cerberus, Ras Algethi 3, - 
6. Lacerta, The Lizard, ... 
11. Leo Minor, The LitOe Lion, 
8. Lynx, I%e Lynx, « - • 
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h m Names of the Qmttellations, and of the principal Stan 

*i S t'K each, with their Magnitudes, 

la Lyra, The Harp, a Vega 1 - - 

11. Mods Masnalus*, The Mountain Mtenalug 

6. Musca, 7%e Fly, in Ast S. Cat in Aries - 
81. Pegasus, The Flying Horse, a Markab 2,7 Scheat 2 
23. Perseus, and Caput Meduste, a Persei 2, fi Algol 2 
15. Sagitta, The Arrow - - - 
57. Serpens, The Serpent - . - 
— Serpentariiis, The Serpent Bearer. See Ophiucus - 

4. Taurus Poniatowski, The BuU of Poniatowski 

5. Triangulum, Thfi Triangle 
5. Triangulum Minus, The Little Triangle - 

29. Ursa Major, The Great Bear, Dubbe 1, Aliotb 2, - 
10. Ursa Mihor, The Little Bear, a Polaris, or the Polar 

Star, or Alrukabah, 2 - • 

31. Vulpecula et Anser, The Fox and Goose 
10. Tarandus, The Rein^Deer 
To the preceding list of northern constellations, foreign mathematicians 
have added Le Messier, Taurus Regalis, Frederick's £hre, Fredericks 
Glory, Tubus Herschellii Major, HerscheWs Great Telescope, 

III. Tux SouTBXRK Constellations. 

7. Antlia Pneumatica, The Air-Pump 

8. Apparatus Sculptoris ... 

3. Apus vel Avis Indica, The Bird of Paradise 
8. Ara, The Altar - . - - 

84. Argo Navis, The Skip Argo, a Canopus 1 

5. Brandenburgium Sceptrum 

4. C«la Sculptoris, The Engraver's Tools - 
38. Canis Major, The Great Dog, a Sirius 1 - 

14. Canis Minor, The Little Dog, a Procyon 1 
36. Centaurus, The Centaur > 

106. Cetus, The Whale, Mencar 2 - 
8. Chanueleon, The Cameleon 
2. Circinus, 7%e Compasses 

15. Columba Noachi, NoaJCs Dove 
■ 4. Corona Australis, The Southern Croum - 

10. Corvus, The Crow, Algorab 3 - 
31. Crater, The Cup or Goblet, Alkes 3 

7. Crux, The Cross - - - 

6. Dorado or Xiphias, The Sword Fish 
1. Equuleus Pictoris, The Painter^s Easel - 

83. Erid'anus, 7%e River Po, a Achernar I - 
13. Fornax Chemica, Ihe Chemisfs Furnace 

12. Grus, T7ke Crane ... 

8. Horologium, The Qoek ... 

* Some of the Stars in Mons Msnalus are in the Astronomical 
'Soeiety^ Catalogue assigned to Virgo and some to Serpens. 
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h J* Nanus of the Constettations, and of the principal Stars in 

s S each, with their Magnitudes. 

54. Hydra, The Water Serpent, Cor Hydrs I 

8. Hydrus, The Water Snake - - - 
4. Indus, The Indian .... 

25. Lepus, The Hare .... 

25. Lupus, The Wolf - - - - 

1. Microscopium, The Microscope ... 

24. Mono'ceros, The Unicom - - - 

4. Musca Australis yel Apis, The Southern Fly 
3. Norma vel Quadra Euclidis, Euclid*s Square 
6. Octans ...... 

74. Ophiu'chus, formerly called Serpentarius - 

75. Ori'oD, a Betelgeux 1, $ Rigel 1, y Bellatrix 2 - 
12. Pavo, !Z%« Peacock 

15. Phoenix, A Fabtdous Bird ... 

15. Piscis Australis, The Southern Fisk^ a Fonjialhant 1 

6. Piscis Volans, The Flying Fish ... 

11. Pixis Nautica, The Mariner's Compass - 
— Praxit'eles. See Caela Sculptoris 

7. Reticulus Rbomboidalis, 2%« Rhomboidal Net 

12. Robur Caroli, Charles's Oak - - - 
35. Sextans, The Sextant .... 

5. Solitarius, An Indian Bird ... 
5. Telescopium, Ti^ Tefescopc ... 

9. Tucan Touchan, The American Goose 
5. Triangulum Australe, The Southern TViangU 

Foreign mathematicians have added to the preceding list of southern 
constellations, Psalterium Georgianum, The Georgian Psaltery; Tubus 
Herschellii Minor, Herschets Less Telescopes Montgolfier's Balloon; The 
Press of Guttenberg ; and The Cat. 

Explanation of the different emblematical Figures delineated 
on the Surface of the Celestial Globe, 

I. THE CONSTELLATIONS IN THE ZODIAC. 

It is conjectured that the figures in the signs of the zodiac are descrip* 
tive of the seasons of the year, and that they are Chaldean or Egyptian 
hieroglyphics, intended to represent some remarkable occurrence in eaeh 
month. Tlius the spring signs were distinguished for the production of 
those animals which were held in the greatest esteem, viz. the sheep, the 
black cattle, and the goats ; the latter, being the most prolifiot were re- 
presented by the figure of Gemini. — When the sun enters Caneer, he 
discontinues his progress towards the north pole^ and begins to return 
back towards the south pole. This retrograde motion was represeoted 
by a Crah, which is said to go backwards; The beat that usually follows 
in the next month is represented by the Lion, an animal remarkaUe for 
its fierceness, and which, at this season, was frequently impelled, throogh 
thirst, to leave the sandy desert and make its appearance on the b^t flf 
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the Nile. The sun entered the 6th sign about the time of harvest, which 
seuoD was therefore represented by a virgin or female reaper, with an 
tar of eoin in her liand . When the sun enters LibrcL, the days and 
Bights are equal all over the world,' and seem to observe an equilibrium, 
lilie a balance. 

fAutumn, which produces fruits in great abundance, brings with it a 
nriety of diseases ; this season is represented by that venomous animiA 
the Seorpiorit who wounds with a sting in his tail as he recedes. The fall 
of the leaf was the season for hunting, and the stars which marked the 
sun's path at this time were represented by a huntsman, or archer, with 
hiB arrows and weapons of destruction. 

The Goat, which delights in climbing and ascending some mountain or 
precipice^ is the emblem of the winter solstice, when the sun begins to 
ascend from the southern tropic, and gradually to increase in height for 
the ensuing half year. 

AqvariuSf or the Water-bearer, is represented by the figure of a man 
pouring out water from an ura, an emblem of the dreary and unoomfort- 
able season of winter. 

The last of the zodiacal constellations was Pisces, or a couple of fishes 
tied back to back, representing the fishing season. "Bie severity of the 
vinter is over, the flocks do not affi>rd sustenance, but the seas and rivers 
an open, and abound with fish. 

The Chaldeans and Egyptians were the original inventors of astro- 
nomy ; they registered the events in their history, and the mysteries of 
thrir religion, among the stars by emblematical figures. The Greeks 
displaced many of the Chaldean constellations, and placed such images as 
had reference to their own history in their room. The same method was 
followed hj the Rmnans ; hence the accounts given of the signs of the 
zodiac, and of the constellations, are contradictory and involved in fable. 

II. THE NORTHERN CONSTELLATIONS. 

Axbbo'mkoa is represented on the cdestial g\che by the figure of a 
woman almost naked, having her arms extended, and chained by the 
wrist of her right arm to a rock. She was the daughter of Cepheus, 
ting of Ethiopia, who, in order to preserve his kingdom, was obliged to 
tie her naked to a rock near J(^pa, now Jaffa, in Syria, to be devoured 
by a sea-monster ; but she was rescued by Perseus, in his return from 
the conquest of the Grorgons, who turned the monster into a rock by 
shewing it the head of Medusa. Andromeda was made a constellation 
after her death by Minerva. 

Ammdus was a youth of Bithynia, in Asia Minor, a great favourite of 
^emperor Adrian, who erected a temple to his memory, and placed 
lam among the constellations. — Antinous is generally reckoned a part of 
the eonstellation Aquila. 

AquriLA is supposied to have been Merops, a king of the island of Cos, 
one of the Cyclades ; who, according to Ovid, was changed into an 
c^e^ and placed among the constelladons. 

AflmioM KT Chaka, vel Canxs Venatici, the Two Greyhounds, held 
IB a string by Bootes : they were formed by Hevelius out of the SteUm 
hifirmet of the ancient catalogues. 

Avai^OA k represenlad on Uie celestial globe by thefigoxe of ^tii»Gk\xL 

C2 
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a kneeling or sitting posture, with a goat and her kids in his left hand, 
and a bridle in his right. The Greeks give various accounts of this 
constellation ; some suppose it to be Erichthonius, the fourth king of 
Athens, and son of Yulcan and Minerva ; he was very deformed, and his 
legs resembled the tails of serpents ; he is said to have invented chariots, 
and the manner of harnessing horses to draw them. Others say that 
Auriga is Myrtilus, a son of Mercury and Phaetusa ; he was charioteer 
to (Enomaus, king of Pisa, in £lis, and so experienced in riding and 
the management of horses, that he rendered those of (Enomaus the 
swiftest in all Greece ; his infidelity to his master proved at last fatal to 
him, but being a son of Mercury, he was made a constellation after his 
death. But as neither of these fables seems to account for the goat and 
her kids, it has been supposed that they refer to Amalthsa, daughter of 
Melissus, king of Crete, who. in conjunction with her sister Melissa, fed 
Jupiter with goats' milk ; it is moreover said that Amalthaea was a goat 
called Olenia, from its residence at Olenus, a town of Peloponnesus. 

Bootes is supposed to be Areas, the son of Jupiter and Calisto ; Juno, 
who was jealous of Jupiter, changed Calisto into a bear ; she was near 
being killed by her son Areas in hunting. Jupiter, to prevent &rther 
iigury from tbe huntsmen, made Calisto a constellation of heaven, and on 
the death of Areas, conferred the same honour on him. Bootes b re- 
presented as a man in a walking posture, grasping in his left hand a club, 
and having his right hand extended upwards, holding the cord of the two 
dogs, Asterion and Chara, which seem to be barking at the Great Bear ; 
hence Bootes is sometimes called the bear-driver, and the office assigned 
him is to drive the two bears round about the pole. 

Camelofaroalis was formed by Hevelius. The camelopard is re- 
markably tame and tractable ; its habits resemble those of the camel, 
and its body is variegated with spots like the leopard. This animal 
is to be found in Ethiopia and other parts of Africa ; its neck is about 
seven feet Ibng, its fore and hind legs from the hoof to ^e second joint, 
are nearly of the same length ; but from the second joint of the legs to 
the body, the fore legs are so long in comparison with the hind ones, 
that the bod^ seems to slope like the roof of a house. 

Cassiopeia was the wife of Cepheus, and mother of Andromeda. See 
these constellations, as also Cetus. ^ 

Cepheus was a king of ^Sthiopia, and the fiither of Andromeda by 
Cassiopea ; Cepheus was one of the Argonauts, who went with Jason to 
Colchis to fetch the golden fleece. 

Cerberus was a dog belonging to Pluto, the god of the infernal re* 
gions } this dog had fifty heads, according to Hesiod ; and three, accord- 
ing to other mythologists : he was stationed at the entrance of the inferiial. 
regions, as a watchful keeper, to prevent the living from entering, and 
the dead from escaping from their confinement. The last and most 
dangerous exploit of Hercules was to drag Cerberus from the infernal 
regions, and bring him before Eurystheus, king of Argos. 

Coma Bereni'ces is composed of the unformed stars, between the 
Lion's tail and Bootes. Berenice was the wife of Evergetes, a surname 
signifying benefactor ; when he went on a dangerous expedition, she 
vowed to dedicate her hair to the goddess Venus, i£ he returned in safety. 
Som^ time after the viptorio^s return of Everj^etes, the locjks which 
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were in the temple of Venus disappeared ; and Conon, an astronomer, 
publicly reported that Jupiter had carried them away, and made them a 

ooiutellation. 

Coa Carox.!* or Charles's Heart, in the neck of Chara, the southern- 
molt of the twa dogs held in a string by Bootes, was so denominated by 
Sir Charles Scarborough, physician to king Charles II., in honour of 
king Charles L ^ ^ 

Cobo'na Borka'us is a beautiful crown given by Bacchus, the son 
of Jupiter, to Ariadnie, the daughter of Minos, second king of Crete. 
Baeefaus is said to have married Ariadne after she* was basely deserted by 
Theseus, king of Athens, and after her death the crown which Bacchus 
had given her was made a constellation. 

Ctgnus is fabled by the Greeks to be the swan under the form of 
vhich Jupiter deceived Leda, or Nemesis, the wife of Tyndarus, king of 
Laeonia. Leda was the mother of Pollux and Helena, the most beau- 
tiful woman of the age ; and also of Castor and Clyteranestra. The two 
fiHrmer were deemed the offspring of Jupiter, and the others claimed 
Tyndarus as their father. 

Dblthi'nus, the Dolphin, was placed among the constellations by Nep- 
tune ; because* by means of a dolphin, Amphitrite became the wife of 
Neptune, though she had made a vow of perpetual celibacy. 

Draco. The Greeks give various accounts of this constellation : Jby 
some it is represented as the watchful dragon which guarded the golden 
apples in the garden of the Hesperides, near mount Atlas in Africa, and 
was slain by Hercules : Juno, who presented these apples to Jupiter on 
the day of their nuptials, took Draco up to heaven, and made a constel- 
lation of it, as a reward for its faithful services : others maintain that in 
a war with the giants, this dragon was brought into combat, and opposed 
to Minerva, who seized it in her hands, and threw it, twisted as it was, 
bto the heavens round the aiis of tlie earth, before it bad time to un- 
wmd its contortions. 

Equulus, the Little Horse, or Equi Seeiio, the Horse's Head, is sup- 
posed to be the brother of Pegasus. 

HiBcni.Ks is represented on the celestial globe holding a club in his 
right hand, the three-headed dog Cerberus in his left, and the skin of the 
Nenuean lion thrown over his shoulders. Hercules was the son of Jupi- 
ter and Alcmena, and reckoned the most famous hero in antiquity. 

LAcxaTA, the Lizard, was added by Hevelius to the old constellations. 

Lao MiMoa was formed out of the StelltB InformeSf or unformed stars 
of the ancients, and placed above Leo the zodiacal constellation. Ac- 
cording to the Greek &bles, Lao was the celebrated Nemsean lion which 
had dropped from the moon ; but being siain by Hercules, was elevated 
to the heavens by Jupiter, in commemoration of the dreadful conflict, 
and in honour of that hero. But this constellation was amongst the 
i^ptian hieroglyphics, long before the invention of the fables of Her- 
eales. See the Zodiacal Contteliations, p. 24. Nemaea was a town of Argolis 
in Peloponnesus, and was infested by a lion which Hercules slew, and 
clothed himself in the skin ; games were instituted to commemorate this 
great event. 

The Ltmx was composed by Hevelius out of the unformed stars of the 
aneientSy between Annga and Ursa Major. 

c S 
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Lisa, tbe Lyic or' harp, is tnelvded in Vultur Cadens. This eonstdla* 
tion was at first a tortoise, afterwards a lyre, because the strings of tiie 
lyre were originally fixed to the shell of a tortoise : it is averted tiiat 
this k the lyre whidi Apollo or Mercury gave to Orpheus, and with 
which he descended into the infernal regions, in search of his wife 
Buryidiee. Orpheus after death received, divine honours, the Muses 
gave an honourable burial to his remains, and his lyre became one of the 
constellations. 

MoNS Mjbvalus. The mountain Maenalus in Arcadia was sacred to 
the god Fan, and frequented by 8hq}herd8 ; it received its nanoe firoa 
Maenalus, a son of Lycaoo, king of Arcadia. 

PzoASDs, the Winged Horse, according to the Oreeks, sprang from the 
hlood of the <7orgon Medusa, after Perseus, a son of Jupiter, had cut 
off her head. Pegasus fixed his residence on mount Helicon in Bceotia, 
where, by striking the earth with his foot, he produced a fountain called 
Hippocrene. He became the favourite of the Muses ; and being after* 
wards tamed by Neptune, or Minerva, he was given to Bdlerophon to 
conquer the Chimaera, a hideous monster that continually vomited 
flames; the fore-parts of its body were those of a lion, the middle was 
that of a goat, and the hinder*parts were those of a dragon ; it had three 
heads, viz. that of a lion, a goai, and a dragon. After the destruction of 
this monster, Bellerophon attempted to fly to heaven upon Pegasus, but 
Jupiter sent an insect which stung the horse, so that he threw down the 
rider. Bellerophon Cell to the earth, and Pegasus continued his flight 
up to heaven, and was placed by Jupiter among the constellations. 

PsBSEUs is represented on the globe with a sword in his right handy 
the head of Medusa in his left, and wings at his ancles. Perseus was 
the son of Jupiter and Danaii. Pluto, the god of the infernal regions,' 
Imt him his helmet, which had the power o£ rendering its bearer invisi- 
ble ; Minerva, the goddess of wisdom, ftumtshed him with her buckler, 
which was resplendent as glass ; and he received from Mercury wings, 
and a dagger or sword : thus equipped, he cut off the head of Medusa, 
and from ^he bipod which dropped firom it in his passage through the 
air, sprang an incalculable number of serpents, which ever after infested 
the sandy deserts of Libya. BCedusa was one of the three Gorgons who 
had the power to turn into stone all those on whom they fixed their 
eyes : Medusa was the only one subject to mortality : she was celebrated 
ior the beauty of her locks ; but having violated the sanctity of the tem- 
ple of Minerva, that goddess changed her locks into serpents. See the 
oonsteUmtion Andromeda, 

Saoitta, the Arrow. The Greeks say that this constellation owes its 
origin to one of the arrows of Hercules, with which he killed the eagle 
or vulture that perpetually gnawed Uie liver of Prometheus, who was 
tied to a rock on Mount Caucasus, by or^er of Jupiter. 

Scutum Soweski was so named by Hevelius, in honour of John So- 
iHeski king of Poland. Hevelius was a celebrated astronomer, bora at 
Dantzic : his catalogue of fixed stars was entitled Firmamenimm So^ 
bieekianunif and dedicated to the king of Poland. 

Serpens is also called Serpens Ophiuchi, being grasped by the hands of 
Ophiuehus, 

Serpentarius, Ophiuehus, or ^scnlapiHs, is represented with a lax^e 
beard, and holding in his two hands a serpent. The serpent was tho 
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Vfinbol of modacine, and of the gods who presided over it, ApoUo and 
JEsenlspius. 

Taitkits PoKiATOWsn was so called in honour of Count Poniatowski, 
1 Polish officer of extraordinary merit, who saved the life of Charles XII. 
of Sweden, at the battle of Pultowa, a town near the Dnieper, about 150 
imles south-east of KioV ; and a second time at the island of Rugen, 
bear the mouth of the river Oder. 

TaiANGULUH. A triangle is a well known figure in geometry; it was 
placed in the heavens in honour of the most fertile part of Egypt, beii^ 
tiSed the delta of the Nile, from its resemblance to the Greek letter of 
that name A. The invention of geometry is usually aseribed to the 
IBgyptians, and it is asserted that the annual inundations of the Nile, 
wUdi swept away the bounds and land-marks of estates, gave occasion 
to it, by obliging the Egyptians to consider the figure and quantity be- 
longing to the several proprietors. 

UasA Major is said to be Calisto, an attendant of Diana, the goddess 
of hunting. Calisto was changed into a bear by Juno. See tfi€ am- 
sielbifion Btnites, It is farther stated that the ancients represented Ursa 
BCajor and Ursa Minor, each under the form of a waggon, drawn by a 
team of horses. Ursa Mi^or is well known to the country people at this 
4wf, by the title of Chartes^s Wai-n, or waggon : in some places it is 
called the plough. There are two remarkable stars in Ursa Migor, con- 
fidered as the hindmost in the square of the wain, called the pointers, 
because an imaginary line drawn through these staffs, and extended up- 
wards to four times the distance of the space between them, will pass 
tlose to the pole-star in the tail of the Little Bear. 

VuLPKCULA ET Anser, the Fox and the Groose : this constellation was 
eaade by Hevelius out of the unformed stars of the ancioitB. 

III. THE SOUTHERN CONSTELLATIONa 

AftA is supposed to be the altar on which the gods swore befcne their 
combat with Che gumts. 

Amoo Natvs is said to be the ship Argo, which carried Jason and the 
Argonauts to Colchis, to fetch the golden fleece. 

Canib MAf OB, die Great Dog, according to the Greek &bles is one of 
Orieo*s hounds ( See Canie Minor) ; but the Egyptians, who carefully 
watched the rising of this constellation, and by it judged of the swelling 
<ef the Nile, called the bright star Sirius the sentinel and watch of the 
year ; and aocording to their hieroglyphical manner of writing repre- 
aeated it undeif ^e figure of a dog. The Egyptians called the Nile Siris, 
and hence is derived the name of their deity Osiris, 

Cavis MiKoa, the Little Dog, according to the Greek fables, is one <d 
Orion's hounds ; but the Egyptians were most probably the inventors of 
this constellation ; and as it rises before the dog-star, which at a parti- 
calar season was so much dreaded, it is properly represented as a little 
watchful creature, giving notice of the^ other's approach ; hence the 
Lajtins have called it Antecanis, the star before the dog. 

CiNTAuaus. The Centauri were a people of Thessaly, half men and 
half horses. The Thessalians were celebrated for their skill in taming 
horses, and their appearance on horseback was so uncommon a sight to 
the neif^bouring states, that at a distance they imagiAed \ha xoasL «sA 

o 4 
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horse to be one animal : when the Spaniards landed in America, and ap* 
peared on horseback, the Mexicans had the same ideas. This constella- 
tion is by some supposed to represent Chiron the Centaur, tutor df 
Achilles, iBsculapius, and Hercules; but as Sagittarius is likewise a 
Centaur, others have contended that Chiron is represented by Sagittarius. 

Cetus, the Whale, is pretended by the Greeks to be the sea-monster 
which Neptune, brother to Juno, sent to devour Andromeda ; because 
her mother, Cassiopea, had boasted herself to be feirer than Juno and 
the Nereides. 

CoRvos, the Crow, was according to the Greek fables made a oonstel* 
lation by Apollo : this god being jealous of Coronis, (the daughter oi 
Phlegyas and mother of ^sculapius,) sent a crow to watch her be- 
haviour ; the bird, perched on a tree, perceived her criminal partiality to 
Ischys, the Thessalian, and acquainted Apollo with her conduct. 

Crux, Crusbro, or Crosier. There are four stars in this constellation^ 
forming a cross, by which mariners sailing in the southern hemisphere 
, readily .find the situation of the Antarctic pole. 

Erid'anus, the river Po, called by Virgil the king of rivers, was placed 
in the heavens for receiving Phaeton, whom Jupiter struck with thunder- 
bolts when the earth was threatened with a general conflagration, through 
the ignorance of Phaeton, who had presumed to be able to guide tibe 
chariot of the sun. The Po is sometimes called Orion*s river. 

Htdra is the Water Serpent, which, according to poetic fable, infested 
the lake Lerna, in Peloponnesus : this monster had a great number of 
heads ; and as soon as one was cut otT, another grew in its stead : it was 
killed by Hercules. The general opinion is, that this Hydra was only a 
multitude of serpents which infested the marshes of Lerna. 

Lepus, the Hare, according to the Greek fables, was placed near Orion, 
as being one of the animals which he hunted. 

MicROscopiUM, the Microscope, is .an optical instrument composed of 
lenses or mirrors, so arranged as to render very minute objects clear and 
distinct. 

Mono ceros, the Unicorn, was added by Hevelius, and composed of 
stars which the ancients had not comprised within the outlines of the 
other constellations. 

Ori'on is represented on the globe by the figure of a man with a 
sword in his belt, a club in his right hand, and the skin of a lion in his 
left ; he is said by some authors to be the son of Neptune and Euryale^ 
a famous huntress ; he possessed the disposition of his mother, be^me 
the greatest hunter in the world, and boasted that there was not any 
animal on the earth which he could not conquer. Others say, that 
Jupiter, Neptune, and Mercury, as they travelled over Bceotia, met with 
great hospitality from Hyrieus, a peasant of the country, who was 
ignorant of their dignity and character. When Hyrieus had discovered 
that they were gods, he welcomed them by the voluntary sacrifice of an 
ox. Pleased with his piety, the gods promised to grant him whatever 
he required, and the old man, who had lately lost his wife, and to whom 
he made a promise never, to marry again, desired them, that as he was 
childless, they would give him a sou without obliging him to break his 
promise. The gods consented, and Orion was produced from the hide 
of the ox. 

Pascis AusTRALifl^ the Southern Fish, is supposed by the Greeks to h% 
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Venus, who transformed herself into a fish, to escape from the terrible 
giant Typhon* 

RoBCR CAROLiy or Charles-s Oak, was so called by Dr. Halley, in 
menrory of the tree in which Charles II. saved himself from his pur> 
suere after the battle of Worcester. Dr. Halley went to St. Helena, in 
the year 1676, to take a catalogue of such stars as do not rise above the 
horizon of London. 

SaxTANs, the Sextant, a mathematical instrument well known to ma- 
riners was formed by Hevelius from the Stell^e Informeg of the ancients. 

92. Gaxaxy, via laotea, or MUky-wayy is a whitish 
luminous tract which seems to encompass the heavens, like 
a girdle, of a considerable though unequal breadth, varying 
from about 4 to 20 degrees. It is composed of an infinite 
number of small stars, which by their joint light occasion 
that confused whiteness which we perceive in a clear night 
when the moon does not shine very brightly. The milky- 
way may be traced on the celestial globe, beginning at 
Cygnus, through Cepheus, Cassiopea, Perseus, Auriga, 
rtion's club, the feet of Gemini, part of Monoceros, Argo 
Navis, Robur Caroli, Crux, the feet of the Centaur, Circinus, 
Quadra Euclidis, and Ara ; here it is divided into two parts ; 
the eastern branch passes through the tail of Scorpio, the 
bow of Sagittarius, Scutum Sbbieski, the feet of Antinous, 
Aquila, Sagitta, and Yulpecula ; the western branch passes 
through the upper part of the tail of Scorpio, the right side 
of Serpentarius, Tamrus Poniatowski, the Goose, and the 
neck of Cygnus, and meets the aforesaid branch in the body 
of Cygnus. 

93. Nebulous, or cloudy^ is a term applied to certain 
fixed stars, smaller than those of the 6th magnitude, which 
only show a dim hazy light, like little specks or clouds. (Ne- 
BULiE.) In Praesepe in the breast of Cancer are reckoned 36 
little stars ; F. le Comte adds, that there are 40 such stars in 
the Pleiades, and 2500 in the whole Constellation of Orion. 
It may be further jremarked, that the Milky-way is a con- 
tinued assemblage of Nebulae. 

94. Bayer's Characters. John Bayer of Augsburg in 
Swabia, published in 1603 an excellent work, entitled 
Uranometriay being a complete atlas of all the constella- 
tions, with the uBeful invention of denoting the stars in 
every constellation by the letters of the Greek and Roman 
Alphabets : setting the first Greek letter a to the principal 
star in each constellation, )9 to the second in magnitude, y to 
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the third, and so on, and when the Greek alphabet was 
finished, he began with a, 5, c, &c* of the Roman. This 
useful method of describing the stars has been adopted bj all 
succeeding astronomers, who have farther enlarged it by 
adding the numbers 1, 2, 3, &c in the same regular succession, 
when any constellation contains more stars than can be marked 
by the two alphabets. When several neigfibouring stars in 
the same constellation are marked with the same Gredi^ 
letter, they are distinguished by figures placed above the 
letters, as l^ Tauri, 8* Tauri, «i Cygni, «* Cygni, &c. Hie 
most complete catalogue of the fixed stars is published by 
the Roy^ Astronomical Society. 

As the Greek letters so frequently occur in catalogue of the stars and 
on the celestial globes, the Greek alphabet is here introduced for the use 
of those who are unacquainted with the letters. The capitals are seldom 
used m the catalogues of stars» but are here given for the sake of re- 
gularity. 
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95. Planets are erratic opaque bodies resembling our earth; 
and, having no light of their own, they shine only by reflect- 
ing the light 6f the sun. They are divided into three classes, 
viz. Primary Planets, Minor Primary Planets, and Secondary 
Planets, commonly called Satellites or Moons. 

96. The PRiMARr Pt^anets are those which revolve round 
the sun as a centre : they are eight in number : their order 
in the system, and the names and characters by which they 
are expressed being as follows: Mercury g, Venus ^, 
Earth 0, Mars <^, Jupiter K, Saturn T^, Uranus J^, called 
also the Georgium Sidus or Herschely and Neptune 4^. 

97. The Minor Primary Planets are seven in number : 
they revolve round the sun as a centre, between the orbits of 
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Mars, and Jupiter, but are distinguished from the primary 
pknets bj their diminutire size, and hj the form and posi- 
tion of their orbits. Their names are Vesta g, Juno '^, 
Geres ?, Pallaa 0, Astroea, Iris, and Hebe.* 
• Superior and inferior, or exterior and interior, are relative 
tenns applied to the primary and minor primary planets; 
iSbote being called superior or exterior, which are farther 
from the sun ; and those inferior or interior, which are nearer 
to him : thus, in respect of our earth, Mercijry and Venus 
are inferior planets, and the rest are superior. Mercury 
being the nearest planet to the sun, and Neptune the most 
remote from him, may be considered, the former as the infe- 
rior planet of the system, and the latter the superior. 

98. The Secondabt Planets are those bodies which 
revolye round their respective primaries as their centre of 
motion, in the same manner as the primary planets circulate 
round the sun. The number of satellites at present known 
is eighteen ; viz. the Moon }) , which attends on our earth, 
four belonging to Jupiter, seven to Saturn, six to Uranus, 
and one to Neptune. 

99. The Obbit of a planet is the imaginary path it de- 
scribes round the sun. 

100. Nodes are the two opposite points where the orbit of 
a planet seems to intersect the ecliptic. That where the 
planet appears to ascend from the south to the north side of 
the ecliptic is called the ascending or north node, and is 
marked thus S3 ; and the opposite point where the planet 
appears to descend from the north to the south is called the 
descending or south node, and is marked fS. 

101. Aspect of the st;ars or planets is their situation with 
respect to each other. There are five aspects ; viz. ^ Con- 
junctiony when they are in the same sign and degree ; .)(. Sex- 
Ule, when they are two signs, or a sixth part of a circle, 
distant ; a QuartUey when they are three signs, or a fourth 
part of a circle, from each other ; A Trtn«, when they are 
four signs, or a third part of a circle, from each other; 
8 Opposition, when they are six signs, or half a circle from 
each other. 

The conjunction and opposition (particularly of the moon) 
are called the SyzygieSy and the quartile aspect, the Quad- 
ratures. 

* The characters of the three last have not been fixed. 
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102. DmECT. A planet's motion is said to be direct when 
it appears (to a spectator on the earth) to go forward in the 
Eodiac, according to the order of the signs. 

103. Stationaby. a planet is said to be stationary when 
(to an observer on the earth) it appears for some time in the 
same point of the heavens. 

104. Retrograde. A planet is said to be retrograde 
when it apparently goes backward, or contrary to the order 
of the signs. ^ 

105. Digit, the twelfth part of the sun or moon's appa- 
rent diameter. 

106. Disc, the face of the sun or moon such as they appear 
to a spectator on the earth ; for though the sun and moon be 
really spherical bodies, they appear to be circular planes. 

107. Geocentric latitudes and longitudes of the planets 
are their latitudes and longitudes, as seen from the earth., 

108. Heliocentric latitudes and longitudes of the planets 
are their latitudes and longitudes, as they would appear to a 
spectator situated in the sun. 

109. Apogee, or Apogaeum, is that point in the orbit of a 
planet, the moon, &c. which is farthest from the earth. 

110. Perigee, or Perigaeum, is that point in the orbit of a 
planet, the moon, &c. which is nearest to the earth. 

111. Aphelion, or Aphelium, is that point in the orbit 
of the earth, or of any other planet, which is farthest from 
the sun. This point is called the higher Apsis. 

112. Perihelion, or Perihelium, is that point in the orbit 
of the earth, or of any other planet, which is nearest to the 
sun. This point is called the lower Apsis. 

113. Line qp the Apsides is a straight line joining the 
higher and lower apsis of a planet ; viz. a line joining the 
Aphelium and Perihelium. 

114. Eccentricity of the orbit of any planet is the dia«» 
tance between the sun and the centre of the planet's orbit. 

115. Occult ATiON is the obscuration or hiding from our 
sight any star or planet, by the interposition of the body of 
the moon, or of some other planet. 

116. Transit is the apparent passage of any planet over 
the face of the sun, or over the face of another planet. 
Mercury and Venus, in their transits over the sun's disc, 
appear like dark specks. 

117. Eclipse op the Sun is an occultation of part of the 
face of the sun, occasioned by an interposition of the moon 
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between the earth and the soo ; consequently all eclipses of 
the ma happen at the lime of the new moon. 

IIS. Eclipse of the Moon ie a privation of the light of 
the moon, occasioned by an interposition of the earth between 
the Bun and the moon ; consequently all eclipses of the moon 
h^pen at full moon. 

119. Elonqatiok of a planet is the angle fonned by two 
lines drawn from the earth, the one to the sun, and the other 
to the planet.* 

120. DnmMAi. utc is the arc described by the sun, moon, 
or stars, from their rising to their setting. — The sun's 
temi-dinmal arc is the arc described in half the length of 
the day. 

121. NoGTUBNAi. Abc is the arc described by the sun, 
moos, or stars, from their setting to their rising. 

122. Abebka^tion is an apparent motion of the celestial 
bodies, occasioned by the earth's annual motion in its orbit, 
combined with the progressive motion of light 

Toilliutrate this definition. — If light be luppoaed to Iutc ■ progres- 
nie motion, the pmition of the telescope thiaugh whii^ > star ia viewed 
must be dilTerent frum that which it would 
hire been, if light bad been i: 
lad therefore the 
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portion of time, and therefore when the telescope is in the ntuadon 
nd the particle of light will be at p in the telescope, and this being the 
case in every moment of its descent, the situation of the star, measured 
by the telescope at b, is t, and the angle 3|e b» is the aberrcUion^ Hence 
it appears, that if we take bs : b r : : the velocity of light : the velocity 
of the earth, and complete the parallelogram brs«, the aberration will 
be equal to the angle BSRorsB«; s will be the true place of the star, 
and 8 the place measured by the instrument, or its situation as seen by 
th« naked eye. 

123. Centripetal* Force is that force with which a 
moving body is perpetually urged towards a centre, and 
made to revolve in a curve instead of proceeding in a straight 
line, for all motion is naturally rectilinear. Centripetal . 
force, attraction and gravitation, are terms of the same 
import. 

124. Centrifugal f Force is that force with which a 
body revolving about a centre, or about another body, endea- 
vours to recede from that centre, or body. — There are two 
kinds of centrifugal force, viz. that which is given to bodies 
moving round another body as a centre, usually called the 
Projectile or Tangential Force, and that which bodies 
acquire by revolving upon their own axes. Thus, for ex- 
ample, the annual orbit of the earth round the sun is described 
by the action of the centripetal and projectile forces : — And 
the diurnal rotation of the earth on its axis gives to all its 
parts a centrifugal force proportional to its velocity. 

Sir Isaac Newton has demonstrated, (Princip. Prop. XIX. Book III.) 
that the " centrifugal force of bodies at the equator, is to the centrifugal 
force with which bodies recede from the earth, in the latitude of Paris, 
in the duplicate ratio of the radius, to the co-sine of the latitude. •— 
And that the centripetal power in the latitude of Paris, is to the centri- 
^gal force at the equator as 289 is to 1.'* 

geographical theorems. 

1. The latitude of any place in the northern hemisphere 
is equal to the elevation of the polar star (nearly) above 
the horizon ; and the elevation of the equator above the 
horizon is equal to the complement of the latitude, or what 
the latitude wants of 90 degrees. 

2. All places lying under the equinoctial, or on the equator, 
have no latitude, and all places situated on the first meridian 
have no longitude ; consequently that particular point on the i 

* This word is derired from centrum, the centre, and peto^ I seek. « 

t Centrum, the centre ; fugio, I fly from. 
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globe where the first meridian intersects the equator, has 
neither latitude nor longitude. 

3. The latitudes of places increase as their distances from 
the equator increase. The greatest latitude a place can have 
is 90 degrees. 

4. The longitudes of places increase as their distances from 
the first meridian increase, reckoned on the equator. The 
greatest longitude a place can have is 180 degrees, heinghalf 
ikQ circumference of the globe at that place ; hence no two 
places can be at a greater distance from each other than 180 
degrees. 

5. The sensible horizon varies as we travel from one place 
to another, and its semi-diameter is afiected by refraction. 

6. All countries upon the face of the earth, in respect to 
time, equally enjoy the light of the sun, and are equally 
deprived of the benefit of it ; that is, every inhabitant of the 
earth h^s th^ sun above his horizon for six months, and below 
his horizon for the same length of time.* 

7. In all places of the earth, except exactly under the 
poles, the days and nights are of an equal length (viz. 12 
hours each), when the sun has no declination, that is, on the 
2lst of March, and on the 23d of September. 

8. In all places situated on the equator, the days and 
nights are always equal, notwithstanding the alteration of 
the sun's declination from north to south, or from south to 
north, 

* This, though nearly true, Is not accurately so. The refraction in 
high latitudes ia very considerable (see definition 85th), and near the 
poles the sun will be seen for several days before he comes above the 
horizon ; and he will, for the same reason, be seen for several days after 

he has descended below the horizon The inhabitants of the poles (if 

any) enjoy a very large degree of twilight, the sun being nearly two 
months before he retreats IS degrees below the horizon, or to the point 
where his rays are first admitted into the atmosphere, and he is only two 
months more before he arrives at the same parallel of latitude : and par- 
ticularly near the north-pole, the light of the moon is greatly increased 
by the reflection of the snow, and the brightness of the Aurora Borealis ; 
the sun is likewise about seven daya longer in passing through the north- 
ern than through the southern signs ; that is, from the vernal equinor, 
which happens on the 21st of March, to the autumnal equinox, which 
^lls on the 23rd of September, being the summer half-year to the inha- 
bitants of north latitude, is 186 days, the winter half-year is therefore 
only 179 days. The inhabitants near the north-pole have consequently 
more light in the course of a year than any other inhabitants on the 
lurfiuse of the globe. 
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9. In all places, except those upon the equator, or at the 
two poles, the days and nights are never equal, but when thd 
fiun enters the signs of Aries and LibrOf viz. on the 21st of 
March, and on the 23d of September. 

10. In all places lying under the same parallel of latitude, 
the days and nights, at any particular time, are always equal 
to each other. 

11. The increase' of the longest days from the equator 
northward or southward, does not bear any certain ratio to 
the increase of latitude ; if the longest days increase equally, 
the latitudes increase unequally. This is evident from the 
table of climates. 

12. To all places in the torrid zone the morning and even- 
ing twilight are the shortest : to all places in the frigid zones 
the longest ; and to all places in the temperate zones, a me- 
dium between the other two. 

13. To all places lying within the torrid zone the sun is 
vertical twice a year : to those under each tropic once, 
but to those in the temperate and frigid zones, it is never 
vertical. 

14. At all places in the frigid zones the sun apj^ears 
every year without setting for a certain number of days, 
and disappears for nearly the same length of time ; and 
the nearer the place is to the pole, the longer the sun 
continues without setting; viz. the length of the longest 
days and nights increase the nearer the place is to the 
pole. 

15. Between the end of the longest day and the beginning 
of the longest night, in the frigid zone, and between the end 
of the longest nighl^ and the beginning of the longest day, 
the sun rises and sets as at other places on the earth. 

16. At all places situated under the arctic or antarctic 
circles, the sun when he has 23° 28' declination, appears for 24 
hours without setting ; but rises and sets at all other times 
of the year. 

17. At all places between the equator and the north-pole 
the longest day and the shortest night are when the sun has 
(23° 28') the greatest north declination ; and the shortest 
day and longest night are when the sun has the greatest 
south declination. 

18. At all places between the equator and the south-pole 
the longest day and the shortest night are when the sun has 
(23° 28') the greatest south declination ; and the shortest 
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dajand longest night are when the sun has the greatest 
north declination. 

19. At all places situated on the equator the shadow at 
noon of an object, placed perpendicular to the horizon, falls 
towards the north for one half of the year, and towards the 
south the other half. 

20. The nearer any place is to the torrid zone, the shorter 
the meridian shadow of an object will be. When the sun's 
altitude is 45 'degrees, the shadow of any perpendicular ob^^ 
ject is equal to its height. 

21. The farther any place (situated in the temperate or 
torrid zones) is from the equator, the greater the rising and 
setting amplitude of the sun will be. 

22. All places situated under the same meridian, so far as 
the globe is enlightened, have noon at the same time. 

23. K a ship set out from any port, and sail round the 
earth .eastward to the same port again, the people in that 
ship, in reckoning their time, will gain one complete day at 
their return, or count one day more than those who reside at 
the same port. If they sail westward they will lose one day, 
or reckon one day less. To illustrate this, suppose the per- 
son who travels westward should keep pace with the sun, it 
is evident he would have continual day, or it would be the 
same day to him during his tour round the earth ; but the 
people who remained at the place whence he departed, have 
had night in the same time, consequently they reckon a day 
more than he does. 

24. Hence, if two ships should set out at the same time 
from any port, and sail round the globe, the one eastward 
and the other westward, so as to meet at the same port 6n 
any day whatever, they will diflTer two days in reckoning 
their time at their return. If they sail twice round the earth 
they will differ four days ; if thrice, six, &c. 

25. But if two ships should set out at the same time from 
any port and sail round the globe, northward or southward, 
80 as to meet at the same port on any day whatever, they 
will not differ a minute in reckoning their time, nor from 
those who reside at the port 
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Chapteb IL 

Of the General Properties of Matter and the Laws rf 

Motion, 

1. Matter maj be defined to be that which occupiei 
i^ace and makes an impression on our senses. It is known 
to us only by its properties. 

2. The Properties of Matter which are considered 
essential to our knowledge of its existence, are extensicm 
and impenetrability. There are other properties which are 
not essential, such as diyisibility, porosity, and elasticity. 
Even that important property, known under the name of 
Attraction or G-rayitation, is not absolutely necessary to the 
existence of matter, although no matter has been found 
destitute of gravity. 

3* Extension. It is by this property that matter occupies 
space, and it is familiarly known to us under the name of 
bulk or volume. The figure, shape, or external outline of a 
body, is therefore determined by this property of extension* 
In speaking of solids, their extension is c<Hnprised in the 
three dimensions of length, breadth and thickness ; while the 
extension of liquid and gaseous bodies, such as water or air, 
is determined by the capacity of the vessel which contains 
them. 

4. Solidity is not a property, but rather a condition of 
matter, depending on the force of attraction among the par- 
ticles. Thus water, which is a body commonly known to us 
as^a liquid^ may in certain cases assume the form of a solU 
as ice, or of a gas, as steam ; while, on the other hand, car- 
bonic acid or fixed air, which commonly exists in the form of 
a gaSy may be made by chemical and mechanical processes to 
assume both the liquid and solid conditions. 

5. Impenetrability. This is a property of matter by 
which a body, whether solid, liquid, or gaseous, excludes all 
other bodies from the space which it occupies. It is self- 
evident, with regard to solids, for it is impossible to thrust 
one solid body into the space occupied by another : but it is 
not so obvious with respect to liquids and gases, owing to 
the great mobility of their particles, in consequence of which 
they become displaced by the slightest disturbing causes. 
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Wlien the hand is plunged into water, the particles of water 
are merely separated and rise over each other ; thej are not 
penetrated but displaced. J£ a quantity of air he confined in 
a bkdder so that it cannot escape, the property of impene- 
trability will be manifested ; for, on compressing the hladder, 
it will he found impossible to force a solid body into the space 
oeeapied by the air. The air is condensed or reduced to a 
BmaUer hulk, u e. its particles are brought closer together 
imder pressure, by reason of another property, Compressi- 
li^tj, which exists to a remarkable degree in gases ; but 
the particles of air resist penetration just as much as those 
of gold and silver.* 

I 

* There are many natural phenomena which are apparently opposed 
to the existence of tbis property in bodies. The familiar instance of a 
nail being driven into wood, from what has already been said, cannot be 
r^arded as adverse to the view of the impenetrability of matter ; for 
tfaefe is in this case, as when the band is plunged into water, a mere 
separation of parts. 

The porosity of bodies is a great cause of deception r^^arding this 
property. If a quantity of spirit of wine be placed in a glass, — no less 
t|mn twenty times ifs htik of fine cotton-wool may be introduced into the 
spirit without perceptibly altering the bulk of the liquid. This is owing 
to the extreme porosity of the cotton, <Mr the large spaces which exist 
between its particles, so that the actual mass or quantity of matter intn>* 
duced is really smalL 

A still more remarkable instance of the apparent penetrability of 
matter occurs in the chemical combinations of certain liquids and gases. 
As an example among the former, it may be stated that if 53*9 measures 
of aleohol be mixed with 49*8 measures of water, they make, on cooling, 
not 103*7 measures, but only 100. The weight of the mixture is equaJ 
to the original weights of the alcohol and water ; but there is an abso- 
lute loss of bulk or volume in the proportion of nearly four measures* 
or one twenty-fiftb part. The explanation is that, in chemical combi- 
nation, the particles of one body are received into the interspaces or pores 
of the other body. The loss of bulk is therefore no proof that a particle 
«f alc(diol penetrates a particle of water. 

To thia class of cases belongs the very remarkable phenomenon, that 
two light bodies, by combining, may form a oompound much denser than 
tiiemselvea. Thus two light gases, muriatic acid and ammonia, oom-> 
bme chemieally to form a solid heavy salt, sal ammoniac. Oxygen and 
hydrogen combine to produce water, and the condensation here is so 
gieat, that the water occupies only 1-SOOOth of the space of the gases 
which produce it 1 The light metal, potassium, which floats on water, 
combines with oxygen gas to form a body much heavier than water. In 
all of these instances tiiiere is probably, during combination, a much 
doser approximation of the particles of matter than that which exists ia 
tlie bodies separately. The density of the compound increase^ because an 
infinidy greater number of particles become packed 'wVxScaxw VbA «u&fe 
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These are the two essential properties of matter. They 
exist in the largest masses as well as in the minutest parti- 
cles ; and without them we should have no idea of matter,,or 
of the material nature of the constituent parts of the universe. 
There is, however, another property which demands consi- 
deration, but this appertains to masses of matter, namely :^- 

6. Divisibility. By this property a body admits of being 
divided into numerous parts. A lump of marble may be 
reduced by mechanical means to the state of a fine powder. 
If the minutest grain be placed under a good microscope, it 
will appear like a large block, and therefore still capable of 
division. When it is so reduced that one of its particles 
has a diameter of not more than 1 -500,000th part of an 
inch, it becomes altogether invisible to the eye, even, when 
placed in the field of the most powerful microscope. Matter 
may, however, be still further divided. A single grain of 
gold may by the great ductility of this metal, be drawn into 
wire so fine that its divisibility is calculated at not less than 
three thousand six hundred millions of visible parts. It may 
be proved experimentally, that half a grain of indigo will 
give a deep blue colour to one hundred and* fifty ounces of 
water ; and Professor Muncke, an eminent philosopher of 
Heidelberg, has calculated that a grain of this substance may 
be thus divided into /ive hundred billions of visible parts ! * 
There is no doubt that the great phenomena mscnifested in 
the chemical changes of bodies take place among particles 
even more minute than these. But the question will natur- 
ally arise whether there is any limit to this property of 
matter ? Whether, in other words, matter is or is not t «/?- 
nitely divisible f 

A mathematician can demonstrate by simple rules, that a 

space. Gold and platina may be rendered denser by hammering : this 
does not prove that the particles penetrate or are driven into each other, 
but merely that they are brought closer together ; and what is here effected 
on a small scale by a mechanical force, is in the other instances produced 
on a large scale by the extraordinary power of chemical attracticm. Even 
the diamond diminishes in size, or contracts, when exposed to a very low 
temperature ; a feet which proves that pores must exist between the par« 
tides of a body, the dimensions of which cannot be reduced by any 
mechanical force. 

* In order to convey an idea of the enormous divisibility which a 
griun of indigo undergoes when thus diffused in water, it may be stated* 
that to count a billion at the rate of 150 per minute^ would require the 
incessant labour of a period of 12,683 years 1 



OHAP. n. j GENERAL PROPERTIES OF MATTER. 45 

straight line may be divided or intersected ad infinitum. 
These rules, however, do not apply to the properties of 
matter. Although the philosopher is unable to assign a limit 
to the divisibility of a body into parts, yet there are many 
facts in chemistry which tend to show that such a limit must 
exist Bodies in masses are found to combine together in 
fixed and unalterable weights ; and it is only reasonable to 
infer, that what is true of the mass is true of its parts ; and 
therefore that these weights represent the weights of the 
atoms* or ultimate particles of bodies. From these consi- 
derations, therefore, we arrive at the conclusion that there is 
a limit to the divisibility of matter, although it is impossible 
for the mind to form an idea of the size of the ultimate par- 

ticles.f 

7. Attraction, t This, in one of its forms, is a most im- 
portant attribute of^ matter ; upon it the great theory of the 
Solar system, and the explanation of astronomical pheno- 
mena are essentially based. By the term attraction, in its 
most simple sense, we are to understand that property, 
whereby one body is drawn to, or approaches to, another 
when free to move. There are several species of attraction, 
which are probably only modifications of one great force 
pervading ail material bodies. When this force is exerted 
between the minute or ultimate particles of matter, it is called 
Cohesion, or the attraction of aggregation, and according 
to the degree in which it exists, so is a body solid, liquid, or 
gaseous. When, however, attraction takes place between 

* From a priv. and riiivtiv to cut, signifying that the particle cannot 
be cut, or that it will admit of no further division. To speak of a divUt" 
Ue atom would therefore be a solecism. The atomic theory is wholly 
imposed to the infinite divisibility of matter. 

t Of the non-essential properties of matter, porosity and elasticity, it is 
tearcely necessary to speak. Some facts already stated prove that the 
particles of matter are not in contact. All bodies, whether solid, liquid, or 
aeriform, may, by mechanical and chemical means, be reduced to a smaller 
bulk. There are, therefore, interstitial spaces between the particles, and 
these are called pores. * The most porous body is that which, with the 
least mass, has the greatest volume. No two bodies are precisely similar 
to each other with respect to porosity. Elasticity is a property by which 
a body, when it has been reduced in Tolume, or has undergone any alter- 
ation dP form, is capable of resuming its original volume and form, so 
torn as the disturbing force has ceased to act. It is obvious that the 
pnperties of poronty and elasticity can apply only to masses of matter. 

t From aUraho to draw, because one body appears to dcaw another 
tottself. 
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large masses of matter, and at visible or perceptible distances, 
it is called Gravitation. 

8. Gravitation or Gravitt. This is that form of attrac- 
tion which more particularly concerns the astronomer. Thus 
the planets are attracted or drawn to the sun by the force of 
gravity ; and but for a counteracting force they would be 
speedily drawn into it. In the same way the moons or 
satellites are attracted by the planets around which they 
revolve. All bodies on the surface of the earth are drawn 
to it by a similar force, exerted by the mass of the earth : 
thus, what is called weight is expressive of the gravity of a 
body, — the measurement of the force or power by Which it i» 
attracted to the earth : in other words, weight may be defined 
to be the resisted effect of the earth's attraction. It is im- 
portant to remember that, as every particle of matter is en- 
dowed with this property, the attraction between two bodies 
is reciprocal : thus, the smallest body in the act of falling, 
while it is attracted, also exerts an attractive power on the 
earth itself. 

The two simple laws upon which the great theory of gra- 
vitation is based, were first determined by Newton. They 
are — 

1. That the force of gravitation between two bodies is in 

a direct ratio to their mass *; and, 

2. That this force, like all radiant forces, or forces ema- 

nating from a centre, is in an inverse ratio to the 
square of the distance of one body from the other. 

* By the nuut of a body we are to understand the number of material 
pnrtides which it CGntains ; — the greater the number of these particles, 
the greater the mass ; and as each particle exerts a power of attraction, 
the greater the general force of gravitation. The mass of a body must 
not be confounded with its density, as this is nothing more than a com- 
parison of masses under equal bulks. A mass of lead which contains af 
many particles as a mass of gold, will exert an equal power of attraction; 
but the bulks or volumes of the two bodies will be very different, sinee 
the particles of gold are closer to each other, or, in other words, a greater 
number are contained in aii equal space. Hence we say gold is denser 
than lead, fbr if we take a cubic inch of each metal, and compare their 
weights or gravitating forces, we shall find that the mass of gold if 
greater than that of lead, in the ratio of about 19 to 11. If the eartll^ 
were formed of gold, the force with which bodies would be attracted to 
it would be nearly twice as great as if it were formed of lead ; ibr the 
attraction is in a direct ratio to the mass, and as the mass of lead is only 
MM half of the moss of gold, so would the relative gravitating ftvee te 
proportionally reduced. 
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Qce, it follows^ that if the mass of one body be one hun- 
imes greater than that of another, the force of gravi- 
will be in the same proportion, t. e. one hundred times 
X. Thus, it is undoubtedly true that while the earth 
fcs all terrestrial bodies towards itself, so is it attracted 
is them in return ; but as their masses are infinitely 
compared with the mass of the earth, the degree in 
L the latter is attracted by them is quite imperceptible 

In the same way as the mass of the sun is immensely 

compared with the mass of the earth, being in the 
of 354,936 to 1, it follows that the attraction of the 
can exert but little effect upon the sun. * 
an illustration of the second law it may be stated, that 

a body is removed to twice a given distance from 
er body, the force of gravitation is reduced to one- 
i; at* three times the distance to one-ninth; and at 
imes the distance to one-sixteenth. Thus, if of two 
ta in the solar system, one be twice as distant from the 
8 the other, the attractive power of the sun, acting upon 
lore distant planet, is reduced not to one-half, but to 
ourth of that which is exerted upon the nearer planet, 
nee, it may be stated, as a further expression of ;thi8 
that the mutual attraction of two bodies will increase 
I same proportion as their masses are increased, and as 
joare of their distance from each other is decreased, 
is important to bear in mind, in reference to the laws of 
ty, that in all masses of a spherical, or nearly spherical 

the attraction or gravitating power is precisely the 
as if the whole matter of each sphere were collected in 
nirey and the spheres were single particles there placed. 
, as it will be presently explained, in calculating the 
of what has been designated terrestrial gravity, as it 
ds falling bodies, in contradistinction to the universal 
ty manifested between the planets of the solar system, 
kw of decrease and increase must always be calculated 
the earth's centre. Hence, it is only at a distance from 
ir^Ace equal to one-half of the earth's diameter, that the 
of gravity would become reduced to one-fourth of what 

be sun is no less than 1,377,613 times larger than the earth, but 
nntj of its substance is only one-fourth that of the earth ; and it 
en idready explained that the force of attraction is not in a ratio to 
• or bulk, but to the quantity of matter present in a body. Ths 
or interspaces exert jio attractive force. 
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it is upon the surface ; and in a like proportion for smaller 
distances: but no distance to which man has access, can 
make the slightest apparent difference in the amount of this 
force. 

9. Inertia is not, as it is often defined to be, a tendency 
in matter to resist any change, but absolute passiveness, or 
perfect indifference to rest or motion. Inertia is synonymous 
with inactivity : it signifies a total absence of power in matter 
to change its condition of rest or motion. Hence, it follows, 
from this attribute of matter that, except by the application 
of some external force, a body cannot commence to move 
from a state of rest, nor when once in motion can it again 
resume a state of rest, except by the operation of some ex- 
ternal cause.* But inertia is manifested in other conditions. 
Neither the quantity nor direction of motion, once imparted 
to a body, can be increased or diminished, or in any way 
altered spontaneously in the body. K such a change ensue, 
it is certain that some cause independently of the moving 
body is operating to produce it, for it is obvious that what- 
ever would enable a body to increase or diminish the amount 
of its motion, or to change the direction in which it moved, 
would equally enable it to move itself; but this, as we know, 
is impossible. The inertia of a body at rest is measured by 
its force of gravity, or the weight required to move it : the 
inertia of a body in motion is measured by its mass mul- 
tiplied by its velocity, and is commonly called momentum. 

The inertia of matter is strikingly shown in many astro- 
nomical phenomena. Thus, the impulse given to the earth 
at its creation, by which it is carried in its orbit round the 
sun, has continued unchanged ; and that motion round its axis, 
which was simultaneously imparted to it, to which the changes 
6f night and day are owing, has apparently undergone no 
alteration. If the earth's motion had slackened by the hun- 
dredth part of a second in a' revolution, and had continued to 

* *' The language sometimes used to explain the property of inertia, 
in popular works, is eminently calculated to mislead the student. The 
term, resistance or stubbornness to move, is faulty in this respect. It 
implies as strongly the absence of all resistance to the reception of mo- 
tion, as it does the absence of power to move itself. The term, vie tiier- 
titB, or force of inactivity t so frequently used, even by authors pretendiQg 
to scientific accuracy, is still more reprehensible. It is a contradictum 
in terms; the term inactivity implying the absence of all force.**— « 
Lardner^s CychjxBdia — Mechanict. 
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fliacken in this proportion, the day would have been already 
length^ied by six hours in the six thousand years which 
have elapsed since the history of the world began, and if we 
suppose a longer period to precede or follow, the day might 
be^creased a month, or to any length.* While there has 
been no alteration in the amount of motion, the direction of 
the motion has equally continued unchanged ; or if any dis- 
turbing causes have affected it, they have been due to the 
attraction of the other planetary bodies, and have in time 
undergone a complete compensation, so that the stttbility of 
the universe is dependent on the inertia of matter — t. e, its 
utter passiveness to spontaneous changes, in the quantity or 
direction of the motion originally imparted to the planetary 
bodies having undergone no change. 

10. Absolute and relative motion. By the motion of a 
body we are to understand simply its change of place, and 
from what has been stated respecting the inertia of matter, 
a cause must always exist for it. Motion is sometimes only 
apparent, as, for instance, the motion of the sun, which is 
really due to the motion of the earth, the spectator imagining 
the earth to be in a state of absolute rest, while it has a rapid 
notion on its axis as well as in its orbit. A state of absolute 
rest is probably unknown in nature, for the earth and all 
bodies upon its surface are continually in motion ; and even 
the sun, although at rest compared with the earth, has not 
only a periodic motion around a common centre of gravity, 
but, according to some modern researches, it makes a rapid 
revolution around a remote centre. A body is said to be in 
obtolute motion, when its situation is changed with respect 
to some other body or bodies apparently at rest ; and to be 
rdaihefy in motion, when compared with other bodies which 
are likewise in motion.f 

* Wheweirs Astronomy and General Physics. 

t Astronomers consider it as an established fact, that the Newtonian . 
hw of gravitation extends throughout the sidereal space, and governs 
the motions of the stars. It has been lately announced by Professor 
Madler, of Dorpat, that the group of the Pleiades may be taken as the 
great central point of the universe, around which the solar system and 
all the stars revolve. He has come to this conclusion, because the velo- 
city of motion in the fixed stars gradually increases in all directions as 
tb^ recede from this group. He fixes upon the star Alcyone^ as pro- 
bsbly being the Great Central Sun of the solar and stellar system. The 
distance of this star from our sun he calculates at 34 millions of radii of 
the earth's orbit (or S230 billions of miles), and he concludes that our sun 
aeeooiplidies one entire revolution around Alcyone in \S,^^«QC^ ^«»» 

D 
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When a body always passes over equal parts of space in 
equal successive portions of time, its motion is said to be 
uniform. 

When the successive portions of space described in equal 
times continually increase, the motion is said to be accelerate 
as in a body falling to the earth ; and if the successive por- 
tions of space continually decrease, the motion is said to be 
retarded^ as in a heavy body projected into the air before it 
begins to fall. Also, the motion is said to be uniformly 
accelerate or retarded, when the increments or decrements 
of the spaces, described in equal successive portions of time, 
are always equal. 

11. The VELOCITY of a body, or the rate of its motion, is 
measured by the space or distance passed over in a given 
time.* 

moving in its orbit at the rate of 36*8 English miles in a second ! -*- 
AtheruBum. 

" Our sun, viewed in relation to the planets which revolve around it, 
may be regarded as at rest, although it revolves around the commcm 
centre of gravity of the whole system. This centre, in CQnsequenod 
of the varying position of the planets, falls sometimes within and 
sometimes without the bodj[; of the sun itsel£ Altogether distinct in 
its nature is the movement of translation of the sun — the progres- 
sive motion of the centre of gravity of the whole solar system in uni- 
versal space — which is supposed to take place with such prodigious 
velocity, that, according to Bessel, the relative motion of the sun and the 
star 61 Cygni, amounts in a single day to no less than 3336,000 miles^ 
or more than double the vdocity of the revolution of the earth in its 
orbit We should be unconscious of the change of place of the solar 
system, were it not that, by the perfection of our astronomical instru- 
ments, and by improved methods of observation, we are enabled to note 
our progress by reference to distant stars, as in a vessel we estimate itfe 
speed by the apparent motion of objects on shore. The proper moticm of 

61 Cygni is, nevertheless, so considerable as to produce a displacement 
equal to a whole degree in 700 years." — Humboldt's Cosmos. Henoe the 
term ** fixed " is no longer strictly applicable to the stars. According 
to the researches of Argelander, the sun, with the planets, is actually 
moving towards the constellation Hercules ; and very probably toward^ 
a point which, from a combination of the observations of 537 stars, was 
situated (equinox of 1792-1795) in 257^ 49' T' right ascension, and in 
28<^ 49^ 7" north declination. — T. 

* It may be intereiking here to compare certain velocities as to the 
space passed over in an equal period of time. Some of them are taken 
from Peschel (Physics, voLi.), others are based on calculations derived 
from the observations of competent observers. The unit of time here 
assumed is a sit^le second, and the space passed over, except in so &r as 
it concerns light and electricity, is represented in English feeU With 
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12. FoBCE. Whatever changes, or tends to change, the 
state of rest or motion of a body, is caHed force. Force is 
generally defined to be '* whatever produces or opposes the 
prodoctiiMi of motion in matter ;" and in this sense it must 

• 

T^speet to these two agents, the Telocity of passage is so great, that even 
fyt this short period of time the space can only be represented in an 
intelligible form in mikw. -^ T. 

Miles. 
Ij^t ----.., 192,500 

Elecfrie fluid, not less than - - • . . 200,000 

Feet. 
Relative motion of the sun, in space - - . . 205,920 

Aerolites, or shooting stars - - • . . ii4,00O 

Ifean rate of the Earth's centre, in its orbit round the sun - 101,061 

Sound, traversing solid bodies - . . . ] 1,280 

Sound, traversing water ... . 4,480 

Volcanic stones, projected from the volcano of Teneriffe^ 1798, 3,000 

A 24-pound cannon ball (maximum) - . . . 2,450 

Rifle ball (maximum) - - . . . 1,600 

A point at the sur&ce of the earth under the equator - - 1,525 

A common musket ball - . . . . 1,280 

Air rushing into a vacuum - - . . . 1,280 

Volcanic stones projected from Etna - . . . 1,250 

Sound, traversing air at a temperature of 60^ - - . 1,120 

Sound, traversing air at 32° ... . j^qss 

A point at the earth's surface, latitude of London . . 950 

BuUct discharged from an air-gun, air condensed to l-lOOth 

(pressure of 1500 pounds on the square inch) . . 697 

Flight of a Swifk ----.. 252 

The most violent hurricane - - - . . 145 

Fli^t of a swallow - - . ^ . . 134 

Flight of an Eider duck ..... 13^ 

Waves in a heavy swell of the open South Atlantic Ocean - 130 

A hurricane --..... 117 
Locomotive engine on the North Western Railway (70 miles 

per hour) - - - . - - lOg 
Locomotive engine on the Great Western Railway (65 miles 

per hour) -----..95 

Flight of a falcon - - - • - • 33 

The swiftest race-horse - - - . . 80 
A storm - --••••73 

An ordinary raoc-horse • • • . • 42 

Flight of a crow ----.. 37 

A brisk wind --.... 36 

l^e fi»test sailing vessd - .... 15 

The current of the most rapid rivers - • - • 13 

A wind of mean intensity - . • • • 10 

The Gulf stream (maximum) . . • • 7 

An ordinary wind ...••• 6 

Mean velocity of the current of rivers • • • ^ 

* D 2 
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be considered as the effect of an unknown cause. If the force 
act but for a moment, it is called the force of percussion or 
impulse ; if, like gravity, it act constantly and increasingly, it 
is called an accelerative force. A uniformly accelerative. 
force is that which causes the velocity of a body to increase 
at an equal rate^ in each successive and equal portion of time. 
As consequences of the inertia of matter, the following 
general laws with regard to the motion of bodies have been 
deduced : — 

GENERAL LAWS OF MOTION. 

Law I. — " Every body perseveres in its xtate of rest, w uniform motion in a 
straight line^ unless it is compelled to change that state hy forces impressed 
thereon.** — Newton's Princip. Book I.* 

Thus, when a body a is positively at rest, if ^^ 

no external force put it in motion, it will always aW^ ~ — « 

continue at rest. But if any impulse be giren 

to it in the direction a b, unless some obstacle, or new force, stop or re* 
tard its motion, it will continue to move on uniformly, for ever, in the 
same direction ab. — Hence any projectile, as a ball shot from a cannon, 
an arrow from a bow, a stone cast from a sling, would not deviate 
from its first direction, or tend to the earth, but would continue in a 
straight line with an uniform motion, if the action of gravity and the 
resistance of the air did not alter and retard its motion. 

Law II *' The alteration of motion, or the motion generated or desiroffed, 

in any body, is proportiorud to the force applied j and is made in the 
direction of that straight line in which the force acts.** — Newton's 
Princip. Book I. 

Thus, if any motion be generated by a given force, a douUe motion 
will be produced by a double force, a triple motion by a triple force, Ac 
—and considering motion as an effect, it will always be found that a 
body receives its motion in the same direction with the cause that acts 
upon it. — ff the causes of motion be various, and in different directions, 
the body acted upon must take an oblique or compound direction. 
Hence a curvilinear motion cannot be produced by a simple cause, but 
must arise from diff*erent causes, acting at the same instant upon the 
bpdy. 

Law III. *— " To every action there is tdways opposed an equal re- action; or 
the mutual actions of two bodies upon each other are cdways equcd, and 
directed Jo contrary points.** — Newton's Princip. Book I. 

If we endeavour to raise a weight by means of a lever, we shall find 
the lever press the hands with the same force which we exert upon it to 

* This and the two following are generally termed Newton*s three laws 
of motion ; but that he was not the first inventor of them is evident, 
since they are in Descartes' s Principia Philosophice, Part II. pages 38, 
S9, and 40., which work was published before Newton*s Principia* 
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raise the weight. Or if we press one scale of a balance, in order to ifaise 
a weight in the other scale, the pressure against the finger will be equal 
to that force with which the other scale endeavours to descend. 

When a cannon is fired, the impdiing force of the powder acts equally 
on the breech of the cannon and on the ball ; so that if the cannon, with 
its carriage, and the ball were of equal weight, the carriage would recoil 
witli the same velocity as that with which the ball issues out of the 
cannon. But the greater the relative mass of any body, the less will its 
motion be, provided the force which communicates the motion continues 
the same. Therefore, so many times as the cannon and carriage are 
heavier than the ball, just so many times will the motion imparted to the 
cannon be less than that given to the balL 

OOMPOUND MOTION. 

1. If two forces act at the same time on any body, and in 
the same direction, the body will move more quickly than it 
would by being acted upon by only one of the forces, 

2. ijT a body be acted upon by two equal forces, in exactly 
opposite directions, it will not be moved from its situation. 

Z, If a body be acted upon by two unequal forces, in 
exactly contrary directions, it will move in the direction of 
the greater force. 

4, If a body be acted upon by two forces, neither in the 
same nor opposite directions, it will not follow either of the 
forces, but move in a line between them. 

The first three of the preceding articles may be con- 
sidered as axioms, being self-evident ; the fourth may be 
thus elucidated : — Let a force be applied to a body at A, in 
the direction ab, which would cause 
it to move uniformly from A to B in 
a given period of time ; and, at the 
same instant, let another force be 
applied in the direction AC, such as 
would cause the body to move from A to c in the same time 
which the first force would cause it to move from A to b ; 
by the joint action of these forces, the body will describe 
the diagonal ad of a parallelogram* with a uniform motion, 
in the same time in which it would describe one of the sides 
AB or AC by one of the forces alone. 

For, suppose a tube equal in length to ab (in which a 
small ball can move freely from a to b) to be moved parallel 

* A parallelogram is a four-sided figure, having its opposite sides 
parallel, and consequently equal. (Euclid, 34 of I.) 
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to itself from a to o, describing with its two extremities the 
lines AC and bd, so that the Imll may move in the tube from 
A to B in the same time that the tube has descended to cj) ; 
it is evident, that when the tube ab coincides with the line 
CD, the ball wiU be at the extremity d of the lin^ and that 
it has arrived there in the same time it would have described 
either of the sides ab or ac. The ball will likewise describe 
the straight line ad, for by assuming several similar paral- 
lelograms A ec^f, AKIH, &c. it will appear, that while the ball 
has moved from a to £, the tube will have descended from 
A to p, consequently the ball will be at g ; and while the 
ball has moved from A to k, the tube will have descended 
from A to H, and the ball will be at i. Now, agid is 
a straight line ; for smaller parallelograms that are similar 
to the whole* and similarly situated, are about the same 
diagonal.* 

5, If a body, hy a uniform motion, describe one side of a 
parallelogram, in the same time that it would describe the 
adjacent side by an accelerative force ; this body, by the 
joint action of these forces, would describe a curve, termi' 
nating in the opposite angle of the parallelogram. 

Let ABDC be a parallelogram, and suppose the body A to 
be carried through ab by a uniform 
force in the same time that it would be 
carried through AC by an accelerative 
force, then by the joint action of these 
forces, the body would describe a curve 
AGID. For, by the preceding illustration, 
if the spaces ae, ex, and kb, be propor- 
tional to each other, the spaces af, ph, and hc, will be in 
the same proportion, and the line agid will be a straight line 
when the body is acted upon by uniform forces ; but in this 
example, the force in the direction ab being uniform, would 
cause the body to move over equal spaces ae, ek, and kb, 
in equal portions of time ; while the accelerative force in 
the direction ac, would cause the body to describe spaces af, 
FH, and HC, increasing in magnitude in equal successive por- 
tions of time; hence the parallelograms aegf, akih, &c. are 
not about the same diagonal f : therefore agid is not a straight 
line, but a curve. 

• EucuD, 26 ofVL t Euclid, 24 of VL 
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'»6. The curvilinear motions of all the planets arise from 
the uniform projectile forces of bodies in straight lines, and 
Hie universal power of attraction which draws them off from 
these lines. 

K the body b be projected 
along the straight Hne eaf, 
in free space where it meets 
with no resistance, and is 
not drawn aside by any other 
force, it will (by the first 
law of motion) go on for 
ever in the same direction, 
and with the same velocity. 
For, the force which moves 
it from £ to A in a given 
time will carry it from A to 
F in a successive and equal portion of time, and so on ; there 
being nothing eith^ to obstruct or alter its motion. But if, 
when the projectile force has carried the body to a, another 
body, as s, begins to attract it, with a power duly adjusted 
and perpendicular to its motion at A, it will be drawn from 
the straight line eaf, and revolve about s in the circle* 
A GOO A. When the body e arrives at o, or any other part 
of its orbit, if the small body m, within the sphere of e's 
attraction, be projected, as in the straight line H n, with a 
force perpendicular to the attraction of E, it will go round 
the body £, in the orbit m, and accompany E in its whole 
course round the body s. — Here s may represent the sun, b 
the earth, and m the moon. 

If the earth at a be attracted towards the sun at s, so as 
to fall from a to h by the force of gravity alone, in the same 
time which the projectile force singly would have carried it 
from a to f ; by the combined action of these forces it will 
describe the curve ag ; and if the velocity with which B is 
projected from a, be such as it would have acquired by 
falling from A to v (the half of A s) by the force of gravity 
alone t, it will revolve round s in a circle. 

* If any body revolve round another in a citx;Ie, the revolving body 
must be projected with a velocity equal to that which it would have 
acquired by &Iling through half the radius of the circle towards the 
attracting body. Emerson's Cent, Forces, Prop. ii. 

t It is proper to remark, that the time occupied by a body in taking 
the curvilinear course from a to o in the diagram, is precisely the same 
as if it fell at once by the force of gravity ftom il \a h« «i^cM\^ ^% 

D 4 
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7. If one body revolve round another (as the earth round 
the sun), so as to vary its distance from the centre of mo* 

distance is obviously much greater. This arises from the velocity of 
motion being alurays proportionate to the force or power pipducing it 
and to its being sufficient for a certain period to counteract the force of 
gravity. All bodies which fiiU to the earth, or are drawn to its surface 
by gravity, pass through very unequal spaces in equal times, not owing 
to any variation in the force of gravity iteelf ; for from the enormous dis- 
tance of the centre of the earth, no change can be detected, but to their 
acquiring an accelerated motion by the constant action of this force. 

So great is the velocity of a fJEdling body, that the eye cannot follow it; 
but by the employment of an ingenious apparatus it easily admits of 
measurement. Thus it has been ascertained that in the latitude of 
London, a body fitlls in vacuo \^^ feet during the first second of its 
descent, and at the end of this time it has acquired such an increase of 
velocity as would carry it through double that space, or S2J feet in the 
next second of time, if the force of gravity were to cease acting upon it ; 
but the velocity continuing to increase by the power of gravity continuing 
to act upon the body, it actually passes during this second over three times 
as much space as it passed over in the first second : this added to one 
makes four. In the third second, five times the space, which added to 
the four makes nine, and so on, always increasing by the odd numbers : 
hence we obtain for the descent of circumterrestrial bodies this simple 
rule — The spaces passed over are directly as the squares of the times. Now, 
as in the first second of time a body fidls through \6^^ feet, in order to 
find the space a body passes through in its descent, we have only to square 
the seconds, and multiply the product by 16^ feet To the power of 
gravity, therefore, considered as a constant force, we are to ascribe the 
descent of every projectile in a curved line. 

The following may be taken as a summary of our knowledge wi^ 
regard to the course of bodies acted on by two forces, one of which is of 
an accelerative kind : — 

1. A body projected horizontally moves in the direction of the projectile 
force, through a space equal to that which it would have described had it 
been acted on by that force alone ; but arrives at a point as much below 
that from which it started, as it would have reached had it &l\en freely in 
the same time. 

2. A body descends towards the earth through the same space that it 
would have fallen had it obeyed the force of gravity only, during the time 
of its motion, inclining each moment from the original perpendicular as 
far in the direction of the projectile force as this would huve carried it in 
the same time. 

3. A body projected horizontally reaches the earth in exactly the same 
time that it would have fallen freely from the same height. (Peschd*s 
Physics, vol i.) 

The last conclusion leads to what may appear an extraordinary state- 
ment, namely, that a cannon-ball fired point blank from a cannon touches 
the ground, in exactly the same period of time as if it had been dropped 
perpendicularly from its mouth ! The projectile force of the powder is 
in the first instance so much greater than the force of gravity, that the 
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thtif the projectile and centripetal forces must each he vari* 
ablsy and the path of the revolving body will differ from a 
circle. 

Thus, if while a pro- 
jectile forolB would carry 
a planet from a to f, 
the sun's attraction at s 
would bring it from a to 
H, the gravitating power 
would be too great for 
the projectile force ; the 
pLmet, therefore, instead 
of proceeding in the cir- 
cle abc (as in the pre- 
ceding article), would de- 
scribe the curve ao, and 
approach nearer to the 
son; so being less than 
8A. Now, as the centri- 
petal force, or gravi- 
tating power, always increases as the square of the planet's 
distance from the sun diminishes*, when the planet arrives at 
the centripetal force will be increased, which will likewise 
increase the velocity of the planet, and accelerate its motion 
from o to V ; so as to cause it to describe the arcs of, pq, 
QB, BD, i>T, TV, successively increasing in magnitude, in 
equal portions of time. The motion of the planet being 
thus accelerated, it gains such a centrifugal force, or ten^ 
dency to fly off at v, in the line vw, as overcomes the sun's 
attraction ; this centrifugal or projectile force being too 
great to allow the planet to approach nearer the sun than it 
iB at v, or even to move round the sun in the circle tbcd^ 
&c, it flies off in the curve xzma, with a velocity decreasing 
as gradually from v to a, as if it had returned through the 
arcs VT, TD, DR, &c. to A, with the same velocity which it 
passed through these arcs in its motion from a, towards v. 

hall has already gone a considerable distance in a straight direction before 
this constant force of gravity begins in any degree to affect its motion. 
When the projectile force becomes lessened, the ball descends in a para- 
bolic curve, — according to the law already explained. Hence, in falling 
through a given space, it describes in the first mstance a very long curve ; 
in the next equal period of time, it makes a shorter curve by falling 
through three times that space, and thus rapidly T«ache& tYi« %xo^xA,>-*\, 
• Newton's Trhacip, Book IIL Prop. II. 

s5 



58 OF THE LAWS OF MOTION. [PABT I. 

At A the planet will have acquired the same velocity as it 
had at first, and thus by the centrifugal and centripetal forces 
it will continue to move round s. 

Two very natural questions may here be asked ; viz. why 
the action of gravity, if it be too great for the projectile 
force at o, does not draw the planet to the sun at s ? and 
why the projectile force at v, if it be too great for the cen- 
tripetal force, or gravity, at the same point, does not carry 
the planet farther and farther from the sun, till it is beyond 
the power of his attraction ? 

First. If the projectile force at a were such as to carry 
the planet from a to g, double the distance, in the same time 
that it was carried from A to f, it would require four* times 
as much gravity to retain it in its orbit, viz, it must fall 
through A I in the time that the projectile force would carry 
it from A to G, otherwise it would not describe the curve 
A OP. But an increase of gravity gives the planet an in- 
crease of velocity, and an increase of velocity increases the 
projectile force ; therefore, the tendency of the planet to fly 
off from the curve in a tangent Fm, is greater at p than at 
o, and greater at Q than at p, and so on ; hence, while the 
gravitating power increases, tiie projectile power increaaes, 
so that the planet cannot be drawn to the sun. 

Secondly. The projectile force is the greatest at, or near, 
the point v, and the gravitating power is likewise the greatest 
at this point. For if as be double of vs, the centripetal 
force at v will be four times as great as at a, being as the 
square of the distance from the sun. If the projectile force 
at y be double of what it was at a, the space vw, which is 
the double of af, will be described in the same time that 
AF was described, and the planet will be at x in that time; 
Now, if the action of gravity had been an exact counter- 
balance for the projectile force during the time mentioned^ 
the planet would have been at t, instead of x, and it would 
describe the circle t b c, &c. ; but the projectile force being 
too powerful for the centripetal force, the planet recedes 
from the sun at s, and ascends in the curve xzm, &c. 
Yet, it cannot fly off in a tangent in its ascent ; because its 
velocity is retarded, and consequently its projectile force is 
diminished, by the action of gravity. Thus, when the 
planet arrives at z, its tendency to fly off in a tangent zn, 
is just as much retarded, by the action of gravity, as its 

* Fergusoa*s Astrononiy, Art 153* 
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motion was accelerated thereby at Q ; ther^ore it must be 
retained in its orbit. 

The figure which has been here employed for illustration must not be 
considered as representing the true form of the earth's orbit round the 
sun. Although it is custonuiry to describe this orbit as an ellipse, it 
should be explained that in reality it differs but little from a circle. The 
eieentrieity of the earth, being the distance of the sun's station from the 
centre of the earth's orbit, is equal to 1,579,579 miles. In winter the 
earth is nearer to the sun by twice the excentricity, or 3,159,158 miles. 
This is only about one-thirtieth part of the whole distance and it makes 
t difference of less than one -sixtieth in the diameter of the earth's orbit, a 
quantity which scarcely affects its circular form. That we are nearer to 
the sun in winter than in summer is proved by the fact that an the 21st 
December the apparent diameter of this luminary is 32' 34'V and on the 
Slst June only 31' 31". — T. 



Chapter IIL 

Of the Figure of the Earthy and its Magnitude. 

The figure of the earth, as composed of land and water, is 
nearly spherical. The ancients held various opinions re- 
specting its figure ; some imagined it to be cjlindrical, or in 
the form of a drum ; but the general opinion was that it 
was a vast extended plane, and that the horizon was the 
utmost limit of the earth, and the ocean the boundary of the 
horizon. These opinions were held in the infancy of astro- 
nomy ; and, in the early ages of Christianity, some of the 
Fathers went so far as to pronounce it heretical for any per- 
son to declare that the earth was round, or that there were 
antipodes. But by the industry of succeeding ages, when 
astronomy and navigation were brought to a tolerable degree 
of perfection, and when it was observed that the moon was 
frequently eclipsed by the shadow of the earth, and that the 
shadow always appeared circular on the disc or face of the 
moon, in whatever position the shadow was projected, it 
necessarily followed that the earth, which cast the shadow, 
must be spherical ; since nothing but a sphere, when turned 
in every position with respect to a luminous body, can produce 
a circular shadow. In addition to this, the calculations of 
edipses, and of the places of the planets^ are mad.^ u^\i\V^ 

j> 6 
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supposition that the earth is a sphere, and they all answer 
to the true times, when accurately calculated. When an 
eclipse of the moon happens, it is observed sooner by those 
who live eastward than by those who live westward ; and, 
by frequent experience, astronomers have determined that, 
for every fifteen degrees difference of longitude, an eclipse 
begins an hour sooner in the easternmost place, and an hour 
later in the westernmost K the earth were a plane, eclipses 
would happen at the same time in all places, nor could one 
part of the world be deprived of the light of the sun. while 
another part enjoyed the benefit of it. The voyages of cir- 
cumnavigators sufficiently prove that the earth is round 
from west to east. The first who attempted to circumnavi- 
gate the globe was Magellan, a Portuguese, who sailed from 
Seville in Spain on the 10th of < August 1519; he did not 
live to return, but his ship arrived at St. Lucar, near Seville, 
on the 7th of September 1522, without altering its direction, 
except to the north or south, as compelled by the winds or 
intervening land. Since this period, the circumnavigation 
of the globe has been performed at different times by Su* 
Francis Drake, Lord Anson, Captain Cook and others. 
The voyages of these circumnavigators have been fre- 
quently adduced by writers on geography and the globes, 
to prove that the earth is a sphere ; but when we reflect 
that all of them sailed westward round the globe (and not 
northward and southward round it), it is evident that they 
might have performed the same voyages had the earth been 
in the form of a drum or cylinder ; but the earth cannot be 
in the form of a cylinder, for if it were, then the difference 
of longitude between any two places would be equal to the 
meridional distance between the same places, as on a Mer- 
oator's chart, which is contrary to observation. Again, if a 
ship sail in any part of the world, and upon any course 
whatever, on her departure from the coast, all high towers 
or mountains gradually disappear, and persons on shore may 
see the masts of a ship after the hull is hidden by the 
convexity of the water (see Figure III. Plate L). If a 
vessel sail northward, in north latitude, the people on board 
may observe the polar star gradually to increase in altitude 
the farther they go ; they may likewise observe new stars 
continually emerging above the horizon, which were before 
imperceptible ; and at the same time those stars which ap- 
pear southward, will continue to diminish in altitude till they 
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become invisible. The contrary phenomena will happen if 
the vessel sail southward ; hence the earth is spherical from 
north to south, and it has already been shown that it is 
spherical from east to west. 

The arguments already adduced clearly prove the rotun- 
dity of the earth, although common experience shows us that 
it is not strictly a geometrical sphere ; for its surface is 
diversified with mountains and valleys: but these irregu- 
laritied no more hinder the earth from being reckoned 
spherical, considering its magnitude, than the roughness of 
an orange hinders it from being considered round.* 

When philosophical and mathematical knowledge arrived 
at a still greater degree of perfection, there seemed to be a 
very sufficient reason for the philosophers of the last age to 
consider the earth not truly spherical, but rather in the form 
of a spheroid, f This notion first arose from observations 

* Our largest globes are in general 18 inches in diameter. The dia* 
meter of the earth is about 7964 miles. Chimborazo, one of the highest 
of the Andes, is about 21,440 feet, or about four miles high. The 
ra^us of the earth is S982 miles, and that of an 18-inch globe 9 inches. 
Nowr, by the rule of three, 3982 m. : 3982 m. + 4 :: 9 in. : 9*009, 
from which deduct the radius of the artificial globe, the remainder *009 
ss jffg^ as ^ of an inch, nearly, is the elevation of the Andes on an 18- 
inch globe, which is considerably less than a grain of sand. One of the 
highest points of the Himalaya mountains to the north of Hindostan, 
surveyed by Capt. Blake, and deduced from his observations by Mr. 
Colebrooke, is 28,015 feet above the level of the sea ; but this would not 
be equal on such a globe to a grain of sand, and could not even admit . 
of any apparent elevation on a sphere three feet in diameter. {Edinburgh 
PhihaophicalJoumal, vol. v. p. 408.) 

f A spheroid is a figure formed by the revolution of an ellipsis about 
its axis, and an ellipsis is a curvilinear figure in geometry, formed by 
cutting a cone or cylinder obliquely without including the base ; but its 
nature will be more clearly comprehended, by the learner, from the fol- 
lowing description. 

Let TE (in Plate IV. F^ure V.) be the transverse diameter, or longer 
aiis of the ellipsis, and co the conjugate diameter, or shorter axis. With 
the distance t d or d a in your compasses, and c as a centre, describe the arc 
rf : the points f, f, will be the two foci of the ellipsis. Take a thread of 
the length of the transverse axis tr, and fasten its ends with pins in p and 
f, then stretch the thread Fif, and it will reach to i in the curve ; then by 
moving a pencil round with the thread, and keeping it always stretched, 
it will trace out the ellipsis tc ro. — If this ellipsis be made to revolve on 
its longer axis t r, it will generate an oblong spheroid, or Cassini's figure of 
the earth ; but if it be supposed to revolve on its shorter axis c o, it will 
form an oblate spheroid, or Sir Isaac Newton*s figure of the earth.— Tlie 
orbits or paths of all the planets are ellipses, and the sun is aituat«d vcl 
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on pendulum clocks*, which being fitted to beat seconds in 
the latitudes of P^s and London, were found to move 
more slowly as they approached the equator; and at, or 
near, the equator, it was found necessary to shorten the 
pendulum about ^ of an inch, to make the clock agree with 
the times of the Btars passing the meridian. This differ- 
ence appearing to Huygens f and Sir Isaac Newton, to be 
a much greater quantity than could arise from the altera- 
tion in the length of the pendulum by the effect of heat 
only, they separately arrived at the conclusion that the earth 
was flatted at the poles, or, in other words, that there was 
a greater thickness in the equatorial than in the polar dia- '1 
meter. :^ By the revolution of the earth on its axis (admit- 
ting it to be a Sphere) the centrifugal force at the equator 
would be greater thf^i the centrifugal force in the latitude oif 
London or Paris, because a larger circle is described by the 
equator in the same time : but as the centrifugal force (or 
tendency which a body has to recede from the centre) in- 
creases, the action of gravity necessarily diminishes; and 
where the action of gravity is less, the vibrations of pendu- 
lums of equal lengths become slower : hence, supposing the 
earth to be a sphere, we have two causes why a pendulum 
should move more slowly at the equator than at London or 
Paris, viz. the action of heat which expands all metals, and 
therefore lengthens the pendulum, and the diminution of 

one of the fod of the earth's orbit, as will be observed fkrther on. — The 
points F, f, are called foci; because if a ray of light issuing from the 
point F meet the curve in the point i, it will be reflected back into the 
focus f. For lines drawn from the two foci of an ellipsis to any point in the 
curve, make equal angles with a tangent to the curve at that point ; and by 
the laws of optics the angle of incidence is equal to the angle of reflection. 
(Robert8on*a Conic Sections, Book III. Scholium to Prop, ix.) 

* Philosophical Transactions, No. 386. 

f A celebrated mathematician, bom at the Hague in Holland, in 1639. 

\ The length of a pendulum at the equator is to the length of a pen- 
dulum at the pole as the axis of the earth is to the equatorial diameter. 
(Emerson's Math. Geog. Prop. XI.) M. Laplace (Exposition du Sysiime 
du Monde) has shown, that if the force of gravity at the equator be repre- 
sented by 1, at the poles it will be 1 *00567 ; and at the intermediate lati- 
tudes of 30°, 45°, 52°, and 60°, it will be 1*00141, 1*00283, 1-00357, 
and 1 00423 respectively, and these numbers will represent the ratios be- 
tween the lengths of pendulums vibrating seconds in these different lati- 
tudes. The length of a pendulum at the equator is 39*06 inches, at the 
poles 39*281, and in latitudes 30°, 45°, 52°, and 63^, the respective 
lengths are 39*115, 39*17, 39*2, and 39*225. 
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mvity as an effect of the increase of the centrifagal force. * 
§ut these two causes combined would not, according to Sir 
Isaac Newton, produce so great a difference as to require the 
pendulum to be shortened -^th of an inch for the vibration of 
seconds : he therefore supposed the earth to assume the same 
figure that a hcmiogeneous fluid would acquire by revcdving 
<m an axis, viz. the figure of an oblate spheroid, and found 
that the *^ diameter of the earth at the equator is to its 
diameter from pole to pole as 230 to 229."! Notwithstand- 
ing the deductions of Sir Isaac Newton, on the strictest ma- 
thematical principles, many of the philosophers in France, 
the principal of whom was Cassini %, asserted that the earth 
was an oblong spheroid, the polar diameter being the longer ; 
and as these different opinions were supposed to retard the 
gene];al prepress of science in France, the king resolved that 
tiie affair should be determined bj actual admeasurement at 
at his own expense. Accordingly, about the year 1735, two 
companies of the most able mathematicians of that nation 
were appointed : the one to measure the d^ree of a meridian 
as near to the equator as possible, and the other company to 

* The pendulum is a felling body, and therefore baa a direct relation 
to the earth's attraction or gravity. The greater this attracting force, or 
the less it is interfered with by other forces, the more rapid the vibration, 
.and vice versd ; hence the pendulum is employed to determine the amount 
of centrifugal force and the intensity of the earth's attraction. Lieu* 
tenant Colonel Sabine has ascertained, by bis pendulum experiments, the 
curious fact that there is a greater intensity of gravitation in volcanic 
islands than in other localities. The rate of a pendulum may be deter- 
mined with proper care to a single tenth of a second per diem, while the 
variation of rate occasioned by the geological character of stations has 
amounted, in extreme cases, to nearly ten seconds jper diem, — T. 

f Motte*s translation of Newton's Principia, Book III. page 243. 
Calling the equatorial diameter of the earth 7964 English miles, the 
polar £ameter will be 7929. — For 250 : 229 : : 7964 : 7929 miles, the 
polar axis. Hence the polar axis is shorter than the equatorial diameter 
by 35 miles, and the earth is higher at the equator than at the poles by 
17| miles, a difference imperceptible on the largest globes that are made. 
— Suppose a globe to be 18 inches in diameter at the equator, then 
230 : 229 : : 18 : n\^f the polar diameter ; the difference of the diame- 
ters is ^ of an inch, half difference is ^f^ of an inch, the flatness of an 18- 
inch globe at each pole, which is less than the 23d paYt of an inch, or not 
much thicker than the paper and paste, a quantity not to be discovered 
by the appearance ; and on smaller globes the difference would be consi- 
derably less. 

f Son of the celebrated Italian astronomer ; he was bom at Paris in 

1677. 
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perform a like operation as near the pole as could be conve- 
niently attempted. The results of these admeasurements 
contradicted the assertions of Cassini, and of J. Bernouilli 
(a celebrated mathematician of Basle in Switzerland, who 
warmly espoused his cause), and confirmed the calculations 
of Sir Isaac Newton. — In the year 1756, the Royal Academy 
of Sciences of Paris appointed eight astronomers to measure 
the length of a degree between Paris and Amiens ; the result 
of their admeasurement gave 57069 toises* for the length of 
a degree. 

The utility of finding the length of a degree, in order to 
determine the magnitude and figure of the earth, may be 
rendered familiar to a learner thus : Suppose I find the lati- 
tude of London to be 51^° north, and travel due north till I 
find the latitude of a place to be 52^° north, I shall thep have 
travelled a. degree, and the distance between the two places, 
accurately measured, will be the length of a degree. Now, if 
the earth be a correct sphere, the length of a degree on a 
meridian, or a great circle, wUl be equal all over the world, 
after a proper allowance has been made for elevation of the 
ground ; the length of a degree multiplied by 360 will give the 
circumference of the earth, and hence its diameter will be 
easily found ; but if the earth have any other figure than 
that of a sphere, the length of a degree on the same meridian 
will be of course different in different latitudes, and if the 
figure of the earth resemble an oblate spheroid, the lengths 
of a degree will increase as the latitudes increase, f The 
English translation of Maupertuis's figure of the earth con- 
cludes with these words: {see page 163 o/* the work) " The 
degree of the rkeridian which cuts the polar circle being 
longer than a degree of the meridian in France, the earth 
is a spheroid patted towards the poles" For, the longer 
a degree is, the greater must be the circle of which it is a 
part ; and the greater the circle is, the less is its curvature. 

The first person who measured the length of a degree with 
any appearance of accuracy was Mr. Richard Norwood : by 
measuring the distance between London and York, he found 
the length of a degree to be 367196 English feet, or 69^ 
English miles ; hence, supposing the earth to be a sphere, its 

* A toise is equal to 76'73 English inches. 

f The curve would, in this case, obviously form part of a greater circle. 
The meridians being sections of the earth through its axis, if their figure 
were accurately determined, that of the earth would be at once ascef* 
tained. — T. 



CnAP. III. j OF THE FIGUSB OF THE BABTB. 65 

circumference will be 25020 miles, and its diameter 7964 ♦ 
miles ; but if the length of a degree, at a medium, be 57069 
toises, the circumference of the earth will be 24873 English 
miles, its diameter 7917 miles, and the length of a degree 
69tV miles.f 

Conclusion. Notwithstanding all the admeasurements 
that have ' hitherto been made, it has never been demon- 
strated, in a satisfactory manner, that the earth is strictly 
a spheroid ; indeed, from observations made in different 
parts of the earth, it appears that its figure is by no means 
that of a regular spheroid, or of any other known regular 
mathematical figure , and the only certain conclusion that can 

* 5280 feet make a mile, therefore 367196 divided by 5280 gives 69^ 
miles nearly, which multiplied by 360 produces 25020 miles, the circum- 
ference of the earth ; but the circumference of a circle is to its diameter 
as 22 to 7, or more nearly as 355 to 113; hence 355 : 113 :: 25020 
miles : 7964 miles, the diameter of the earth. Again, 6 French feet 
make 1 toise, therefore 57069 toises are equal to 342414 French feet; 
but 107 French feet are equal to 114 English feet, hence 107 F. f. : 114 
£. £ :: 342414 F. £ : 364814 Bnglish feet, which divided by 5280, the 
feet in a mile, gives 69*09 miles, the length of a degree hy the French ad- 
measurement. Or, 342414 multiplied by 360 produces 123269040 
French feet, the circumference of the earth, and 107 : 114 :: 123269040 
: 131333369 English feet, equal to 24873*74 miles, the circumference 
of the earth, and 355 : 113 :: 24873*74 : 7917 miles, the diameter of the 
earth. 

t The length of a degree in lat 51^ 9^ N. is 364950 feet » 69*12 
English miles. Trigonometrical Survey of England and Wales, Vol. II. 
Part II. page 113. Mr. Swanberg, a Swedish mathematician, found the 
length of a degree to be 57196*159 toises = 365627*782 English feet » 
69*247 miles. 

[According to Laplace, the celebrated French astronomer, the earth's 
equatorial diameter is 7924 miles; and Sir J. F. W. Herschel (See Cab. 
Cyc. Astronomy) gives the fdlowing dimensions, which appear to be 
the most accurate of any that have yet been published : — '^ 

Feet. Miles. 

Greater or equatorial diameter - - 41,847,426—7925*648 

Lesser or polar diameter - . - 41,707,620 «=7899*170 

Difference of diameters or polar compression 139,806= 26*478 
Hence the proportion of the diameters is very nearly that of 298 : 299, 
and their difference ^g of the greater, or a very little more than ^ This 
amount of flattening is so slight that in a globe three feet in diameter, the 
polar axis would be only (36 -r 300) 0*12 inch, or about one eighth of an 
inch shorter than the equatorial axis. Such a globe, therefore, in order 
to represent the earth, wuuld not differ from a sphere. In a globe 24 
feet in diameter, the difference in the length of the two axes would be 
only one inch ! ] — T. 
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be drawn from the researches of the several philosophers 
who have been employed to make these measurements, is, 
that tke earth is rather more Jlat at the poles than cU the, 
equator. The course of a ship, considering the earth a 
spheroid, is so near to what it would be on a sphere, that the 
mariner may safely trust to the rules of globular sailing *, 
even though his course and distance were much more certain 
than it is possible for them to be. Hence, mathematicians 
content themselves with considering the earth as a sphere 
for all practical purposes; and artificial globes are made 
perfectly spherical as the most correct representation of the 
figure of the earth, f 



Chapteb rv. 

Of the Diurnal and Annual Motion of the Earth, 

The motion of the earth was denied in the early ages of 
the woiid ; yet as soon as astronomical knowledge began to 
be more attended to, the theory of its motion received the 
assent of the learned, and of such as dared to think differ- 
ently from the multitude, or were not apprehensive of eccle- 
siastical censure. — The astronomers of the last and present 
age have produced such a variety of strong and forcible 
arguments in favour of the motion of the earth, as must 
effectually gain the assent of every impartial inquirer. 
Among the many reasons for the motion of the earth, it will 
be sufficient to point out the following : — 

1. Of the Diurnal Motion of the Earth, 

The earth is a globe of 7912 miles in its mean diameter, 
and by revolving on its axis every 24 \ hours from west to 

* Robertson's Navigation, Book VIII. Art. 143. 

*)- From what has been already stated respecting the slight difference 
in the length of the polar and equatorial axes, it is obvious that no other 
representation on a small scale would be accurate. — T. 

\ That is, the time from the sun's being on the meridian of any place 
to the time of its returning to the same meridian the next day ; but the 
earth performs a complete revolution on its axis in 23 hours 56 minutes 
4*09 seconds. (See definition 61. page 13.) 
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east, it causes an apparent diurnal motion of all the heavenly 
bodies from east to west. — We need only look at the sun, or 
stars, to be convinced, that either the earth, which is no 
more than a point* when compared with the heavens, 
revolves on its axis in a certain time, or else the sun, stars, 
.&c revolve round the earth in nearly the same time. Let us 
suppose, for instance, that the sun revolves round the earth 

in 24 hours, and that the earth has no diurnal motion 

Now, it is a known principle in the laws of motion, that if 
any body revolve round another as its centre, it is necessary^ 
that the central body be always in the plane in which the 
revolving body moves, whatever curve it describes t ; there- 
fore if the sun move round the earth in a day, its diurnal 
path must always describe a circle which will divide the 
earth into two equal hemispheres. But this never happens 
except on two days of the year, viz, at the time of the equi- 
noxes, when the sun rises exactly in the east, and sets 
exactly in the west. For, from the 2 1st of March to the 
23rd of September the sun rises to the north of the east, and 
sets to the north of the west ; and from the 23rd of Septem-* 
ber to the 21st of March, it rises to the south of the east, 
and sets to the south of the west, and therefore its diurnal 
path divides the globe into two unequal parts. 

The fixed stars also (except those which lie in the equi- 
noctial) do not appear to revolve round the centre of the 
earth, but its axis^ in circles parallel to its equator, and di- 
minishing in magnitude from the equinoctial to the poles ; 
affording another very satisfactory argument in favour of 
the earth's rotation. If, moreover, the earth be considered 
immovable, the sun, whose distance from it is ^,000,000 miles, 
in order to complete his revolution in 24 hours, must travel 
at the rate of 400,000 miles per minute ; and the stars, from 
their immeasurable distance, must revolve by millions of 
millions of miles more rapidly than the sun. It is also well 
known that the sun is above a million times larger than the 
earth, and it is highly probable that each of the stars is at 
least equal to it in magnitude : yet, if we do not admit the 
rotation of the earth, an infinite number of these prodigious 
bodies must be supposed to be perpetually circulating about 
oup comparatively insignificant globe, not only with degrees 
of velocity far surpassing human conception, but exactly 
adapted to the respective distances of each of these individual 

* Dr. Keill, Lect 26. f Emerson's AslTotvoTK^^-^. \\« 
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bodies ; thus introducing a complication of motion no less 
surprising than the prodigious velocity with which it would 
have to be performed. These improbabilities are got rid of 
by the simple hypothesis of the earth's revolution on its axis. 
It is no argument against the earth's diurnal motion that 
we do not feel it ; a person in the cabin of a ship, on smooth 
water, cannot perceive the ship's motion when it turns gently 
and uniformly round * ; neither does the motion of the earth 
cause bodies to fall from its surface, for all bodies, of what- 
ever matter they are composed, are drawn to the earth by the 
power of its central attractionf , which, laying hold of them 
according to their densities, or quantities of matter, without 
regard to their magnitudes, constitutes what we call weight 

[It is important that this principle should be duly impressed on the 
mind of the learner. All bodies, whatever their nature, or whatever their 
size, are attracted with equal power to the earth, unless any force opposes 
this attraction. It^ may at first be difficult to understand consistently 
with the law, that the power of attraction is always in a direct ratio to 
the mass — why a thousand pounds of iron should not fall or be attracted 
to the earth with greater force than a grain of the metal : but attraction 
influences in an equal degree each individual particle of matter, and when 
it is considered that the loftiest mountain in the world has no greater size 
compared with the earth, than a grain of sand on an artificial globe 
eighteen indies in diameter, the difference in the size of falling bodies 
cannot be allowed to enter into our consideration. We do not diminish 
the attraction of the earth for each particle by merely subdividing a mate- 
rial body, nor do we increase it by aggregating particles together, so a^ 
to form a larger mass. It is wholly unaffected by, and independent of, 
the quantity of particles ; and the law, that the force is in a direct ratio to 
the fntu$, merely implies that when we desire to compare the relative 
power of attraction in two bodies, it is found to be greater in that which 
has the largest mass or the greater number of particles. An ounce of 
gold may fiUl to the earth in the same time as a pound ; but the pound 
attracts the earth with greater force than an ounce, although the mass, 
compared with that of the earth, is so small that the reciprocal attraction 
in the pound of gold, is no more perceptible to our senses than that which 
exists in an ounce. By weighing the two, we determine the comparative 
number of gravitating particles in each ; but the force of gravity acts 
equally upon the two unequal masses. 

There are, however, some apparent exceptions to the law which re- 
quire consideration. A grain of gold in the form of a small pellet reaches 
the ground or falls with such rapidity that the eye cannot follow its 
descent Owing to the great malleability of gold, it may be beaten into 
leaves so thin that it actually becomes transparent f , and one grain of the 

* Ferguson's Astronomy, Art. 119. 
t Newton*s Principia, Book III. Prop. viL 

\ The light which passes through gold leaf is of a rich «ea-green 
colour. 
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metal may be thus beaten out so as to cover a square seven inches and a 
quarter each vray, or Jsftjf'iwo tquare inches. * If this leaf of gold, weigh- 
ing a grain, be dropped from the same height as the pellet, it will be ob- 
served to be a much longer time in reaching the ground, although it 
eontains exactly the same number of gravitating particles. The differ- 
ence is accounted for by the resistance offered by the atmosphere to all 
&lling bodies, which is in a direct ratio to the extent of surfftce which the 
falling body presents. If the pellet and the leaf be dropped from a height 
in a vacuum, t. e. in a space from which the air has been artificially re- 
moTed, they will reach the ground at thfe same instant of time. A sove- 
reign and a feather, allowed to &11 from a given height in the air, reach 
the ground in very different periods, owing to the feather exposing a very 
laige surface, compared with its mass, to the resistance of the air ; but if 
allowed to fall in a vacuum, they touch the ground at the same instant. 
The sovereign weighs one hundred and twenty three grains, the feather 
one quarter of a grain. Therefore, the quantity of matter (12S x ^a 
492) is nearly five hundred times greater in the gold than in the feather : 
yet when there is nothing to oppose the fall of the two bodies, they reach 
the ground at the same moment. Hence it is proved that the earth's attrac- 
tion is as strongly manifested upon one as upon five hundred particles of 
matter, and upon five hundred as readily as tipon five millions. 

These facts regarding attraction are beautifully established by the pen- 
dulum, f The action of the pendulum depends on gravitation, and that 
this force acts upon all bodies equally, and moves them with equal velo- 
flity, whatever may be the nature or the quantity of materials of which 
th^ are composed, is proved by simple observation. The motion of the 
pendulum is never affected by the quantity or quality of the material 
which constitutes the weight. In this latitude the length of a pendulum 
vibrating seconds should be 89 "2 inches, or 39 inches and | of ai) inch. 
If the pendulum have this length, the weight may be formed of gold, 
copper, brass, glass, or even ivory. When the vibration takes place in the 
atmosphere, it is merely necessary that the weight should be so great as to 
overcome the resistance of the air. When this has been once attained, 
whether the weight be doubled or trebled, or whether it be of gold or 
ivory, is quite immaterial ; if the threads suspending the weights be of 
the same length, they will vibrate seconds in precisely equal periods, thus 
proving that gravity is acting equally on matter irrespective of its quan^ 
tity and quality. 

This has been lately beautifully shown in an experiment performed by 
Mr. Faraday. He made a pendulum of a glass bottle containing air, 
and he suspended in the bottle a long strip of leaf-gold, which the slight- 
est current of air would affect and displace. The pendulum weight was 
thus constituted of glass, gold, and air. When vibrated, there was not 
the slightest displacement or motion of the gold leaf. The vibration went 
on for half an hour ; and during the whole of this time the gold, although 
sometimes vertical, at others much inclined, hung in the centre of the 



* It would require ] 500 of such leaves laid upon each other to form 
the thickness of a common sheet of writing paper, 
t See page 62. 
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bottle, like a stiff plate of metal, without shifting its position in the 
* smallest degree, with respect to the air or bottle. The glass, gold, and air 
were equally attracted by the earth ; there was nothing to counteract or 
interfere with this attraction. Thus, then, we establish the proposition 
with which we set out, that this great force on which the stability of 
the universe depends, acts upon matter independently of its quality or 
its quantity.] — T. 

The phenomena of the apparent diurnal motion of the sun 
may be explained by the motion of the earth ; thus, let ifgh 
{Plate L Figure V.) represent the earth, s the sun, and the 
circle dsbc the apparent concavity of the heavens. Let the 
earth revolve on its axis, from i towards f (viz. from west to 
east). Suppose a spectator to be at i, the sun, which is at an 
immense distance, and enlightens half the globe at once, will 
appear to be rising. As the earth moves round, the spectator 
is carried towards f, and the sun seems to increase in height ; 
when he has arrived at f, the sun is at the highest. As the 
earth continues to turn round, the spectator is carried from F 
towards G, and the altitude of the sun keeps continually 
diminishing ; when he has arrived at G, the sun is setting. 
During the time the spectator has been carried from i to G, 
the sun has appeared to move the contrary way. Hence it ii 
evident that while the spectator is carried through the illu- 
minated half of the earth, it is daylight ; at the middle point,. 

F, it is noon ; also, while he is carried through the dark 
hembphere, it is night ; and, at h, it is midnight. Thus, the 
vicissitude of day and night evidently appears by the rotation 
of the earth about its axis. What has been said of the sun 
is equally applicable to the moon, or any star placed at s f 
therefore all the celestial bodies seem to rise and set by turns, 
according to their various situations. The spectator at i, F, 

G, H, will always have his feet towards the centre of the 
earth, and the sky above his head, whatever position the 
earth may have ; agreeably to the law of gravitation or at- 
traction. Thus an inhabitant at a will be the most power- 
fully attracted towards his antipodes 5, because the line of 
gravity is always in a direction towards the centre of the 
earth ; and for the same reason b will be the most attracted 
towards a, m towards n, and n towards m, &c« 

2. Of the Annual Motion of the Earth, 

The diurnal revolution of the earth on its axis being 
proved, the annual motion round the sun will be readily ad- 
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mitted ; for, either the earth moves round the sun in a year, 
or else the sun moves round the earth : now, hy the kws of 
centripetal force, if two bodies revolve about each other, 
they revolveHround their common centre of gravity* ; and it 
IB evident, that if the two bodies be of equid magnitude and 
density, or if they have equal masses, the centre of gravity 
will be equidistant from each body ; but if these be differ- 
ent, the centre of gravity will be nearest to that body which 
has the larger mass. 'If the earth, therefore, remain in the 
same situation while the sun revolves round it, its mass must 
be much greater than that of the sun ; for it is contrary to 
the laws of nature for a heavy body to revolve round a light 
one as its centre of motion ; but from observations on the 
dimensions f and distances of the sun and planets, it appears 
that the sun so greatly exceeds, not only the earth, but the 
planets, in mass and magnitude, that the common centre of 
gravity of the whole is almost constantly within the body of 
Uie son, so that the sun's motion round the common centre 
of gravity <^ the earth and the planets is not perceptible to 
ordinary observers. Not only the earth, therefore, but the 
planets, move round the sun, because the contrary supposi- 
tion would involve an impossibility. 

It is also evident that the motion of the earth in its orbit 
is iix>m west to east ; for if the sun be observed to rise with 
any fixed star which is near the ecliptic, it will, in the 
conrse of a few days, appear to the eastward of that star. 
And in the period of a year it will arrive at the same star 

again. 

The earth is computed to be in its mean distance 95 mil- 
lions of miles from the sun j:, and performs its revolution 

* The centre of gravity oS two bodies is a certain point in a line sup- 
posed to join th^r centres ; which point being supported) the two bodies 
▼ould likewise be supported, and rest in equilibrium. 

t The apparent diameters of the planets are found by a micrometer 
placed in the focus of a telescope, or, the apparent diameter of the sun 
may be xneasured by means of the projection of his image into a dark 
room, through a circular aperture. From these apparent diameters, and 
the respective distances from the earth, the real diameters of the sun and 
planets may be determined. 

I In Plate IV. Figure VI. let o be the centre of the earth, p the ylace 
of an observer on its surfitoe, and s the sun or a planet in the heavens : now 
to an observer at o, the sim would appear at a, and to an observer at f it 
▼ould appear at b ; the arc a, b, or the angle a sb, which is equal to. the 
angle-rso, is called the horizontal parallax. Mr. Short, in voL lii* part vu 
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round him, describing an orbit or path approaching to an 
elliptical form*, in 365 days 5 hours 48 minutes and 49 se- 
conds, from any equinox or solstice to the same again; it 
travels at the rate of upwards of 68,000 mile»^ per hour.f 
Besides this motion, which is common to every inhabitant of 
the earth, the inhabitants at the equator are carried 1036*5 J 

of the Philosophical Transactions, has determined the horizontal parallax 
of the sun to be 8 '65'^, at its mean distance from the earth. Hence by 
trigonometry, 

Logarithmical sine of 8*65", or angle pso - - 5*6219140 

Is to oit« semi-diameter of the earth po - ... '0000000 

As radius, sme of 90 degrees, or sign of o ps - 10*0000000 

Is to 2S882 '84 semi-diameters ...... 4*3780860 

Now if we take the diameter of the earth 7970 miles, as Mr. Short 
has done, the semi-diameter 3985 multiplied by 23.882'84gives 9517311 7 
miles, the distance of the earth from the sun : if the diameter of the 
earth be taken 7964 miles, the distance will be 95101468 miles; if it he 
taken 7917 miles (see the chapter of the Figure of the Earth), the 
distance will be 94540222 miles. In a case of such uncertainty, where ft 
very small erroi^in the parallax will produce an astonishing difference in 
the conclusion of the process, and where an error in the diameter of the 
earth will also affect the operation, we may rest content with estimating 
the mean distance of the earth from the sun at 95 millions of miles. 
Mr. Wbodhouaef in his Astronomy, page 384, calculates the sun*s horizontal 
parallax to be 8*7017'', and at page 284., where he has given the distances 
of the planets from the sun according to Laplace, he states the distance 
of the earth from the sun to be 93726900 miles. 

* The idea that the earth moved in an elliptical orbit was first con- 
ceived by Kepler, an eminent German astronomer, and demonstrated by 
Sir Isaac Newton. Seethe Principia, Book III. Prop. xiii. 

f The earth's distance from the sun is 95 millions of miles, the meaa 
diameter of its orbit is therefore 190 millions of miles, and the circum- 
ference of a circle is three times the diameter and one seventh more ; or 
the circumference is to the diameter as 355 to 1 13 more nearly ; hence 
113 : 355 : : 190000000 : 596902654, the circumference of the orbit: 
but this circumference is described in 365 days 5 hours 48 minutes 49 
seconds, or 365 days 6 hours nearly, or 8766 hours ; hence 8766 h. : 
596902654 m. : : 1 h. : 68092 miles per hour the inhabitants of the earth 
are carried by its annual revolution. [The relation of the diameter of a 
circle to its circumference, whichr is important in solving many astro- 
nomical problems, may be easily borne in mind by the learner by aid of 
the following rule : — The proportional figures are the three first odd 
figures 1.3.5; in pairs thus, 1 1 . 33 . 55 : the three first of these repre- 
senting 113, the diameter, and the three last, 355, the circumference.] — T. 

^ These distances are found by multiplying the number of miles con- 
tinned in a degree in any parallel of latitude by 15 : thus, the circum- 
ference of the earth at the equator is 360 x 69jm., and in the latitude of 
London it is equal to 360 x 42*95, and 24 h. : 360^ x 69*1 : : 1 h. : 
1035*6 m.; or 1 : 15x69*1 : : 1: 1036*5 m. 
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miles every hour by the diurnal revolution of the earth on its 
axis, while those in the parallel of London are carried only 
about 644 miles per hour. The axis of the earth makes an 
angle of 23^ 28^ with a perpendicular to the plane of its 
orbit, BJid has always the same oblique direction throughout 
its annual course* ; hence it follows, that, during one part 
of its course, the north pole is turned towards the sun, and, 
daring another part of its course, the south pole is turned 
towards it in the same proportion ; which is the cause of the 
different seasons, as spring, summer, autumn, and winter. 
The orbit of the earth being elliptical, the earth must 
some times approach nearer to the sun than at others, and 
will of course take more time in moving through one part 
of its path than through another. Astronomers have ob- 
served that the motion of the earth is more rapid in the 
winter-half of its orbit than in the summer, by about seven 
days {see the note to the 6th Geographical Theorem, p. 39.) ; 
but although in the winter we are nearer to the sun than in 
the summer, yet if we judged by the cold experienced in 
winter it would appear to be further from us at this season 
than in summer. The explanation of this phenomenon is, that 
the sun's rays fall more perpendicularly on the earth in sum- 
mer, and thus augment the heat ; so, being transmitted more 
obliquely on our parallel of latitude during the winter, less 
heat is received, and the cold is more intense. The 
heat in the torrid zone does not arise from those parts of the 
earth being nearer to the sun, but from the rays of the sun 
falling more perpendicularly upon them. It might likewise 
be expected that, as we are less distant from the sun in the 
winter than in the summer, it would appear larger ; but the 
difference of situation is so small as to make no sensible 
alteration to the naked eye in the sun's apparent magni- 
tude.f 

The sun is not supposed to be fixed in the centre of the 
earth's elliptical orbit, but in one of the foci. Let s repre- 
sent the sun {Plate 11. Fig, 3.) and agfbde the elliptical 
orbit of the earth. Then a is called the Perihelion, or lower 
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apsis, being the earth's nearest distance from the sun ; b is 
called the Aphelion, or higher apsis, being the greatest dis* 
tance of the earth from the sun; and so the distance between 
the sun (in the focus) and the centre, is called the excentri- 
eitj of the earth's orbit. If from the centre c there be 
erected upon the axis ab the perpendicular C£, meeting the 
orbit in e, and the line se be drawn, it will represent the 
mean distance of the earth from the sun, being equal to half 
the axis ab*, consequently se is 95 millious of miles.f 

Though the motion of the earth in its orbit be not uni- 
form, yet it is regulated by a certain immutable law, from 
which it never deviates ; which is that a line drawn from 
the centre of the sun to the centre of the earth being carried 
about with an angular motion, describes an elliptical area 
proportional to the time in which that area is described |, 
viz. if the times in which the earth moyes from A to e, from 
E to D, and from d to b, be equal, then the areas, or i^aces, 
ASE, 8 ED, and dsb, will all be equal. The motion of the 
earth is sometimes rapid and s<»netimes slow in moving 
through equal parts of its orbit ; for when the earth is at A 
(in the winter), the sun attracts it more strongly, and there- 
fore the motion is quicker than any where else. On the other 
hand, when it is at b (in the summer)^ it is least affected by the 
sun's attraction, and consequently the motion there is slower 
than in any other part of its orbit, for the power of gravity 
decreases as the square of the distance increases § ; besides 
it is obvious, from the construction of the figure, that, if the 
space ASE be described in the same time with the space bsd, 
the arc ae will be greater than the arc bd. 

The phenomena of the diflPerent seasons of the year will 
appear plainly from the following observations. Let abod 
(Plate 3. Fig. L) represent the plane of the earth's annual 
orbit, having the sun in the focus f ; and let a b, an ima- 
gifiary line passing through the centre of the earth, be per- 

* It is demonstrated by all writers on conic sections, that a line drawn 
from one end of the conjugate axis of an ellipsis to the focus, is equal 
to half the transverse axis, viz, sbsbcb or ca. 

f In the figure, the elliptical form of the earth's orbit is necessarily 
exa^erated, in order to make the description intelligible. While the 
mean diameter of the earth*s orbit is 190,000,000, the distance of one 
focus of the orbit from the other is 3,159,158 miles. See page 59. 

^ This law was discovered by Kepler, and demonstrated by Sir laaae 
Newton. See the Principia, Book III. Prop. xiiL 

§ Newton's Principia, Book III. Prop. ii. 
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pendicular to this plane; also let the polar axis n s of the earth 
make an angle of 23° 28^ with this perpendicular ; then if 
the earth move in the direction a, b, o, d, in such a manner 
thatNS may always remain parallel to itself, and preserve 
the same angle with a 6, it will illustrate the changes of the 
seasons ; for, suppose a line to be drawn from the centre of 
the sun to the centre of the earth, it is evident that the sun- 
will be vertical to that part of the earth ^which is cut by this 
fine. Now, when the earth is in Libra €h (i,e, in the spring 
quarter), the sun will appear in Aries Ty ond he is then said 
to enter this constellation. The sun will at this time be ver- 
tical to the point o^ i. e. where the equinoctial line intersects 
the plane of the ecliptic. One half of the earth only can 
It any period receive his rajs ; and at this season (21st 
Uarch) the boundary of light and darkness will pass exactly 
through the two poles NS. Each parallel of latitude must 
therefore have an equal quantity of light and shade ; and to 
the inhabitants of the whole earth, the day and night will be 
of equal length*, Le, twelve hours each. In moving from 
libra «c^ to Capricorn Vf, in consequence of the poli^ axis 
preserving the same inclination to the plane of the ecliptic^ 
the r^ons around the north pole n will receive more %ht, 
while those around the south pole s will receive less. On 
the 21st June, when the earth is in Capricorn, and the sun 
appears to enter Cancer, his rays will be vertical to a point 
ntaated 23° 28^ north of the equator. Hence, as one half of 
the earth must always be illuminated, it fdlows that the rays 
of the sun will reach to a point situated 23° 28"^ beyond the 
north pole. This is the exact extent of the polar circles 
{Def. XVII. p. 5). Hence the inhabitants of the Arctic 
eirele will have light, and those of the Antarctic circle will 
have darkness, for four-and- twenty hours : in otiier wordsy 
the sun will not set to the former, nor will it rise to the latter. 
The sun has then reached the summer solstice {Def, XXXL 
p. 7.) ; and it is summer to the inhabitants of the northern, 
but winter to those of the southern, hemisphere. While the 
earth proceeds in its orbit from Capricorn Vf to Aries V, the 
pohu* axis still preserves the same inclination to the plane of 
the ecliptic, and the north polar regions receive daily less light. 
Qq the 21st September, when the earth is in Aries, and 

* Se8 dcfinitiaii SO. page 7. Equinox, from ^gno, e^ual, and nor, 

night 

* 2 



76 DIURNAL MOTION OF THE EARTH. , [PART L 

the sun appears to be in Libra, his rajs are again vertical to 
the point at which the plane of the ecliptic cuts the equator. 
The boundary of light and darkness, therefore, passes again 
through the two poles N s* ; and for the reason just assigned, 
day and night will be equal, i, e, each will be twelve hours 
in length to all the inhabitants of every parallel of latitude. 
This is called the autumnal equinox. Between the 21st 
June and the 21st September, one half of the Arctic circl^ 
has been thrown into shade, and one half of the Antarctic 
circle has become illuminated. In proceeding from Aries- 
<Y» to Cancer s, i, e. from the autumnal to the winter quarter, 
it will be observed that the sun has become vertical to a point 
23^ 28'»south of the equator. Hence, for the reason assigned 
in speaking of the summer quarter, the whole of the Antarc- 
tic circle will be illuminated, while the Arctic circle will re- 
ceive no light whatever. All places in the southern hemis- 
phere will receive the sun's rays for a proportionally longer 
period, and the day will appear longer than the night. These 
conditions are exactly reversed in the northern hemisphere : 
for iii the same parallel of latitude, in consequence of the earth ' 
moving round its polar axis which is turned from the sud, 
the night will be long and the day short. The higher the 
latitude, the more striking will this difference become. These 
changes, it must be remembered, are progressive, so that the 
polar circles are only gradually illuminated and darkened 
over a period of six months, ue, from the summer to the 
winter, or from the winter to the summer solstice. 

From this explanation it will be seen that the yariations in the seascms 
are owing, 1. to the axis of the earth preserving in all parts of its orbit, 
the same degree of inclination (2S^ 28') to the plane of the ecliptic, and 
2. to the diurnal motion of the earth around this axis. That the direc- 
tion of the axis remains unchanged throughout the year, is proved by the 
north pole always pointing to the star in the tail of the Lesser Bear, 
which is thence called the Polar Star, Although in the summer solstice, 
the earth is 180,000,000 miles distant from the spot in which it was situ- 
ated at the winter solstice, still the direction of the polar axis, with 
respect to this star, is not in the slightest degree changed — a fact which 
proves that the distance of the stars from the orbit of the earth must be 
inmiense. 

* The earth, as represented in Fig. I. Plate 3. in the autumnal quarter, 
appears to be entirely in shade, because the spectator is supposed to be 
viewing these changes out of the ecliptic, in the direction of the shcMter 
axis of the ellipse.' Hence, only the illuminated half of -the earth is seen 
in the spring quarter, and only the sliaded side in the autumnal quarter* 
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Chapter V. 

(JfMc Origin of Springs and Rivers, — On LakeSy Inland 

SeaSy and the Ocean, 

Springs. It is now well ascertained that springs are de- 
rived from the deposit of water which has been raised by 
evaporation into the atmosphere, under the influence of solar 
beat The whole of the waters of the globe thus continually 
contribute a large amount of vapour, which is collected into 
ebads, and under various atmospheric conditions subse- 
quently reaches the earth in the state of rain. Vast quan- 
tities of water are also deposited in the form of dew, and 
there are certain regions of the earth of vast extent which 
are called rainless districts, where the water is never pre- 
cipitated, except in the state of dew. In mountainous coun- 
tries large quantities of water are continually falling in 
the form of rain, owing probably to the attraction which 
mountains exert upon the masses of vapour. At a certain 
elevation, however, where an intense cold prevails, this 
v^>our is always deposited as snow, which gradually 
hardens, by partial freezing and thawing, into masses of ice, 
forming the glaciers which are met with in the hollows and 
on the sides of lofty mountains. These glaciers gradually 
^de into the valley below, melt in the warmer atmosphere, 
and give rise to streams and rivers. The Arve, which flows 
into the Rhone near the lake of Geneva, is formed almost 
'entirely from the melting glaciers of Mont Blanc. In coun- 
tries in which so great a degree of cold does not prevail, the 
irater deposited either as rain or dew, descends through the 
porous strata of the earth, such as sand, gravel, or through 
the wide fissures and cracks which naturally exist in chalk, 
limestone, and other rocks, until it reaches a stratum which 
is no longer porous, as a dense bed of clay or marl, and under 
these circumstances it is accumulated. During this descent, 
however, the properties of the water become materially 
altered. Bain-water, when collected at a distance from 
human habitations, is remarkably pure. It contains no 
valine or organic matter, and in every respect resembles that 
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which chemists call distilled water.* The evaporation of 
water from rivers, seas, and lakes may be indeed regarded 
as a grand natural process of distillation. Water, however, 
happens to possess remarkably solvent powers, so that it 
cannot come in contact with the earth without dissolving 
Yanous saline substances ; and even in traversing the almo- 
sphere, it dissolves out of it carbonic acid gas, or fixed air, 
which increases its solvent powers upon one of the most 
common constituents of the superficial strata of the earth, 
namely, carbonate of lime. The longer it remains in contact 
with the strata, the larger the quantity of saline matter 
which it will dissolve. When, however, the accumulation 
has reached a certain point, its pressure causes the strata to 
give way, and it then becomes a spring, showing itself in a 
small trickling stream on the surface, or collecting in any 
neighbouring hollow or recess. This may happen at or near 
the summit of the mountain, although springs in snch ratu* 
ations are commonly smalL In the mountainous regions of 
the Alps, small lakes are thus formed by the accumulation of 
the water of many springs, and from these proceed the 
sources of the Rhine, the Rhone, and other great rivers.f 
That a spring should constantly flow, it is necessary that the 
supply of water should be much greater than the loss ; and 
this may happen from the aperture of escape being small 
compared with the quantity pent up within the adjacent 
strata. It is in this way that we may account for some kinds 
of intermitting springs, i. e. springs which occasionally cease 
to flow and suddenly burst out again. The source or reservcwr 
may become temporarily exhausted, or be drained off in 
another direction. Springs are always observed to be most 
numerous in mountainous districts, owing to the enormous 
quantity of rain which falls in these regions. 

Intermitting or Periodic Springs. This name is pro- 
perly applied to those springs in which the flow of water 

* The water received in perfectly clean glass vessels on the summit of a 
house during a shower of ram in London, on a clear summer's day, after 
the £ur bad been already washed by previous showers, contained ammonia, 
with muriatic acid in the morning, and sulphuric acid in the aAemooo. 
There were also present in it faint traces of lime. 

f In some instances, however, these elevated lakes have no visible 
outlet The fissures through which the waters are discharged are then 
probably situated at, or near, the bottom of the lake, and the water con- 
tinues to descend through the strata until it finds an outlet, in the form 
of a spring, on the slope of the mountain. 
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k at certain periods entirely suspended. In countries where 
toe are lofty mountains covered with snow, the phenomenon 
of intermission may be explained by the alternate thawing 
and melting of the snow and glacier-ice, according to changes 
of temperature. In temperate latitudes it is often observed 
ibat some springs are dry during the wet season, and flow 
only in dry weather. This is doubtless because the rain 
which falls, occupies some time in percolating through the 
itrata of the earth. These intermitting springs are most 
common on the slopes of hills and mountains, while the 
perennial or constant springs are found at the lowest levels, 
Ihe supply of water for the latter being from their situation 
much more abundant. 

It is not easy to account for all the phenomena connected 
with intermitting springs. One of the most remarkable of 
these is at Paderbom in Westphalia. After having flowed 
for twenty-four hours, this spring entirely ceases for the 
flipaee of six hours ; it then returns with a loud noise in a 
powerful stream mixed with air. Sometimes the flow of 
water does not entirely cease, but the quantity of water 
varies at different periods: — these have been called redpro- 
eating springs. The Giggleswick well of Yorkshire is an 
instance of this kind of spring. The level of the water rises 
and falls at intervals of ten or fifteen minutes. The water 
of the great Artesian wells of this metropolis is often observed 
to undergo considerable alterations in its level. There is no 
satisfactory theory to account for these variations in the flow 
of water. The hot Geyser springs of Iceland are instances 
of intermitting springs on a large scale. These probably 
depend on the force exerted by steam on water condensedin 
hollow cavities, and communicating with the surface of the 
earth by a syphon-like canal. This theory is supported by 
the fact, that the force of ejection is considerably increased 
by filling up the opening with heavy masses of stone. In 
this way the steam acquires great elastic force, and re-acts 
with such power as to project the water to the height of 
from one to two hundred feet. 

When the flow of water through the earth is in any way 
impeded by the nature of the strata so that it cannot issue 
as a spring, it collects in large quantities, and may occasion 
dangerous accidents. What are called dykes or faults in 
mines, consist of veins of a hard impermeabl^rock, through 
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which water canpot find its way. It there collects during 
many years, or perhaps during centuries, and may suddenly 
burst through and deluge the mine; or this accident may 
happen by the accidental removal of a mass of rock during 
the working of the mine. The fearful accident of the fall of 
the Rossberg mountain in Switzerland was owing to a spring, 
the issue of which to the surface was impeded. The water, 
collected in a vein of clay, placed in a slanting direction, 
upon which the summit of the mountain rested. This stratum 
became so much softened that the summit slid off by its own, 
weight, falling upon and burying a whole village with its 
inhabitants, and spreading the greatest desolation for many 
leagues around. 

It was formerly supposed that springs were veins of water 
traversing the earth in particular directions ; but the error 
of this opinion is clearly shown by the fact, that if the water 
be pumped out of one deep well, it will effectually dry up all 
the other wells for a great distance around. This proves 
that the sources of water in a district are directly connected. 
In level countries the water sometimes takes a long subter- 
ranean course between strata, collecting on those which it 
cannot penetrate, such as plastic clay, provided the form of 
the strata be such as to hold it. The strata at a great depth 
under London have a basin-like form, and the water is pro- 
bably here accumulated in a kind of large subterranean lake ; 
a view which is borne out by the fact, that when the deep 
well connected with a brewery on the south side of the 
Thames has been long worked, the level in the wells on the 
north side of the river has become depressed. This indicates 
a communication under the bed of the Thames, and wholly 
independent of that river. It has been also remarked that 
in certain years there has been an extraordinary and sudden 
depression of the water in these wells, and that without any 
apparent reason^ they have as suddenly regained their former 
height. This may be accounted for by a portion of the sub^ 
terranean water having found a vent elsewhere, which may 
have become again filled up by portions of less permeable 
strata. 

This theory of springs will account for the fact that water 
may be obtained in most localities by digging or boring the 
earth to a certain depth. Two conditions are necessary for 
success: — Is't, that there should be a stratum not permeable 
to water ; and 2d, that the impermeable stratum should have 
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a hollow form, or not be so inclined as to allow the water to 
floi^ off bj its own gravity.* 

* When spring water is not procured in sufficient quantity, or of good 
Quality, by diggin^j^, it has been the practice of late years to bore through 
file strata to a considerable depth. If the water have a higher tempe- 
iiturc than common spring water, and if it rise to the surface, or above 
it, we have what is called an Artesian wdU from the practice of obtuning 
water by this method having been first adopted in the province of Artois, 
ID France. 

In common wells, sunk in this latitude to a depth of 50, 60, or 100 
feet, the temperature of spring water is generally found to correspond 
▼ith the mean temperature of the climate. The water in the chalk wells 
at this depth around London, has a temperature of about 51^ ; at 
Brighton, it varies from 50° to 52° ; at Tunbridge, it is 50** ; thus nearly 
ecriresponding to the mean temperature of the climate. It has been found 
that the water in the wells of New York, at a depth below 40 feet, has a 
temperature of from 54° to 5^, The mean temperature of New York is 
nearly 55^, 

Water obtained from a very great depth is always considerably warmer 
than the mean temperature of the climate. Dr. Forbes found, in his ex- 
periments, that the temperature of water in the Cornish mines gradually 
rose with the depth, the ratio of increase being 1° in ftom 45 to 50 feet. 
Mr.Fos ascertained, some years since, that from the Poldice mine at 1000 
feet in depth, the average quantity of water pumped daily amounted to 
two millions of gallons, varying in temperature from 90° to 100° ; t. e. 
from 40° to 50° above the mean of the climate. 

Artesian wells present numerous interesting facts. In some instances 
there b a near approximation in the temperature of the water over very 
great distances. Thus the water of an Artesian well at Vienna, 200 feet 
deep, has a temperature of 55^ ; while the water of another, at Hanwell, 
in Middlesex, at the depth of 290 feet, has the same temperature. These 
places are about a thousand miles apart. 

One of the most remarkable of these wells is that of Grenelle, in Paris, 
the depth of the water from the surface is 1794 Englidi feet, and its 
temperature is 82°. The temperature of the water was found to rise 9° 
m the last 500 feet ; that is to say, about I <> in 55 feet. In another well, 
that of Mondorf, in Prussia, the deepest in the world (2202 feet), the 
temperature of the water is 93°, indicating an increase of 1° in 54 feet. 

The boring of the Artesian well of Grenelle was commenced in 
November, 1833, and it was not until February, 1841, that a supply of 
water was obtained. The borer suddenly fell several yards, and an im- 
mense column of water immediately sprang up, cold at first (cooled by 
the upper strata), but afterwards warm. The quantity of water dis- 
charged was 600 gallons per minute, and it rose to a height of 100 feet 
above the surface. The water from this deep well is very pure and soft, 
containing only 14*3 parts of saline matter in 100,000 parts. Nearly 
<me-half of this consists of carbonate of lime, and about one-fifth of 
bicarbonate of potash. The Artesian water of London contains carbonate 
of soda. The Grenelle well must derive its supply from an enormous 
tttbterranean lake or reservoir, nearly 2000 feet below the surface of the 
earth. The sudden falling of the borer probabVy \nd\ctt.U^ \\» ^«^'«^« 
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From what has been ab-eady stated it is evident, that 
springs must vary greatly in the quantity as well as in the^ 
quality of the water which they yield. The largest spring in 
Great Britain is that of Saint TFinifrecTs Well in North 
Wales. It may be considered as the bursting out of a sub* 
terranean river ; for, according to Dr. Traill, it throws up 
about twenty-one tons of water per minute, or 30,240 tons 
daily. This spring issues from a hill, which is much disr 
turbed by numerous mineral veins. As the temperature of 
the water is several degrees above that of the climat^ it is 
probable that it rises from a considerable depth.* 

The water must rise either in consequence of its being under great pres- 
sure, or of its being derlred firom some very remote source placed at a 
much higher level. 

* Spring water always contains air, and sometimes a large quantity of 
fixed air, or carbonic acid. When evaporated, it leaves a residue of saline 
matter, consisting chiefly of carbonate of lime, sulphate of lime, and com- 
mon salt. Tlie proportion of saline matter is from j]^th to ^^th. part of 
the weight of the water. The writer lately had to examine some water 
which it was proposed to bring from a distance of eight miles for the 
supply of a populous town. Its specific gravity was 10003. It contained 
only 10*4 grains of saline matter in the imperial gallon. This was chiefly 
carbonate <^ lime mixed with chloride of sodium (common salt), and the 
proportion was g^nd part. It was a good wholesome water. Some of 
the spring waters around London yield from fifty to one hundred grains 
of saline matter to the imperial gallon. They contain sulphate of mag- 
nesia (Epsom salt), and are very unwholesome. In 1846, the writer had 
to examine some spring water supplied to our troops at Aden, on the 
Red Sea, which it was supposed had caused many deaths. It had a very 
high specific gravity and a saline taste. It contained no less than 440 
grains of saline matter to the imperial gallon 1 This was chiefly common 
salt. In the deserts of Africa and Arabia, the springs are nearly all 
brackish, t. e., they contain salt, which is abundantly diffused through the 
sands of the deserts, and washed out by rain or dew. 

The qualities of spring water must of course vary with the locality and 
the nature of the soil through which the water percolates. In the eastern 
counties, and in Derbyshire, where chalk and limestone abound, the pre- 
dominant ingredient in spring water is carbonate of lime. In districts 
where magnesian rocks exist, the salts of magnesia are abundant, giving 
the water a bitter taste. In gravelly districts, where much iron is present, 
the water is impregnated with iron, as at Tunbridge Wells. These are 
called Chalybeate springs, from the Chalybes, an ancient nation of Pontus, 
who were amongst the first workers of iron. In clay beds, where iron 
pyrites (a mineral compound of sulphur and iron) are found, as at Kilburn 
and Harrowgate, the water undergoes a chemical change by contact with 
this mineral, and acquires a most nauseous odour and flavour from the 
presence of sulphuretted hydrogen. These are called sulphureous springs. 

VlHien the saline ingredients in water are in such quantity as to give to 
it a perceptible taste and odour, it is called a mineral water. 



C&AP. v.] 8PRIKGS AND RIVERS. 83 

EiVERS. The springs which issue from the fissures in the 
strata unite to form streams and rivulets. These descend to 
a lower level, meet with other streams, and the whole com- 
bine to form a river, which flows to the sea, thus rendering 
back to the ocean the water which had been taken up by 
evaporation. The number of considerable rivers which fall 
into the sea from different parts of the old continent, amounts 
to 430, and those of the new continent maj be estimated, 
according to Dr. Traill, at 140; but this seeming disproportion 
is amply compensated by the vast dimensions of the latter.* 

* Ttie flowing of rivers is entirely owing to the difference of level between 
the source and the outlet into the sea. The motion of a river in its cur- 
rei^ is therefore referable to that of solids descending inclined planes, but 
affected by the friction of banks and other causes, owing to the free 
molnlity which exists among particles of liquids. In the first part of its 
course, the current is rapid and the channel narrow ; but, towards its ter- 
mination, the river widens and the current becomes slow. In these cases, 
tibe river often finds its way into the sea by numerous small channels ; 
and, as these commonly approach to the form of a triangle, or the Greek 
A, the space is called a delta. The Ganges, the Nile, and the Niger, are 
rifers which have large deltas : the course of the main stream having been 
interrupted during the progress of ages by the slow deposit of sandy and 
allavial matter at the junction of the river with the sea. 

Tlie mouth of the Rio de la Plata, in South America, between Cape 
Saint Antonio and Maldonado is 1 50 miles 1 The Maranon or Amazon 
u, however, in its course, and in its volume of water, the most stupendous 
river in the new world. At more than 1000 miles from its mouth, the 
depth of its bed was found by Condamine to be 620 feet, t. e., more than 
100 feet below the level of the Atlantic ; so that the upper portion of the 
river only can fiow to the ocean. The tides are perceptible for 600 miles 
up the river. It falls 1235 feet in 3000 miles. This is aboiit^five inches per 
mile as its mean declivity; but in the lower part of its course the fall is 
considerably less than this. 

The force of the currents of these mighty rivers where they empty 
tiiemselves into the ocean, may be estimated from the following facts : — 
Hie current of the Rio de la Plata, according to Rennell, preserves an 
easterly direction, with a velocity of a mile an hour, and a breadth of 
more than 800 miles, at a distance of not less than 600 miles from the 
mouth of the river. Lieut.-Col. Sabine crossed the current of the 
Amazon at a distance of upwards of 300 miles from the mouth, still pre- 
serving a velocity of nearly three miles an hour, its original direction 
being but little altered, and the fresh water but partially mixed with that 
of the ocean over which it flows. The distinction between the river 
current and the sea water, was clearly distinguishable over a breadth of 
100 miles 1 

The following account of Captain Hodgson*s tour to discover the 
sources of the immense rivers Ganges, Jumna, and Bhagirutta, which 
take their rise in the Himalaya Mountains, is highly interesting. 
Captain Hodgson left Reital (a village in 30° 48' H.^ ou Vft^ «i.\^\ ^i1 
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RWen are not extensive in proportion to tbe elevation c£ their soure^^ 
but to the number and size of the streams which flow into them. Thtx^, 
the large river Volga rises at an elevation of about 550 feet, and falls iiaC^ 
the Caspian, after running a course of 2400 miles. As the Caspian Sea ^ 
not more than 83 feet below the level of the Black Sea, the total £sU in tbi^ 
immense distance amounts to only 633 feet, or but little more than thre0 
inches in a mile. The following rivers rise at various elevations abow^ 



May, 1817. On the 3 1st he descended to the bed of the river, and sa^^ 
the Ganges issue from under a very low arch at the foot of the granci- 
snow bed. The river was bounded on the right and left by high roclc9 
and snow, but in front, over the deboitche, the mass of snow was per- 
pendicular ; and from the bed of the stream to the summit, the thickness 
was estimated at little less than 300 feet of solid frozen snow, probaU.^ 
the accumulation of ages, as it was in layers of several feet thick, eaetM 
seemingly the remains of a fall of a separate year. 

From the brow of this curious wall . of snow, and immediately abor^ 
the outlet of the stream, large and hoary icicles depended. The heigbt^ 
of the arch of snow was barely sufficient to let the stream flow under ifc« 
Blocks of snow were felling on all sides, and there was little time to dc 
more than measure the size of the stream, the mean breadth of which wai» 
27 feet, and its depth varied from 9 to 18 inches. Captain Hodgson be>— 
lieves this to be the first appearance in daylight of the celebrated Ganges^ 
The height of the halting-place, near which the Ganges issues from unde^' 
the great snow bed, is calculated to be 1 2,914 feet above the level of thi^ 
sea. The height of the Bhagirutta source of this river is, according 
recent observations, no less than 13,672 feet above the level of the 
The source of the Ganges is the loftiest in the world. 

At a distance of 1800 miles from its mouth, the Ganges is only 8001 
above the sea^level ; and to fall from this level, it is calculated that it 
quires a period of more than a month. 

At Jumnoutri, the visible source of the river Jumna, the snow whicliV' 
covers and conceals the stream is about 60 yards wide, and is bounded oi^- 
the right and left by precipices of granite 40^ f^et thick, which havi^ 
fallen from the precipices above. Captain Hodgson was able to measure 
the thickness of the bed of snow over the stream very accurately, by means 
of a plumb-line let down through one of the holes in it, which are caused 
by the steam of a great number of boiling springs at the border of the 
Jumna. The head of the Jumna is in the S. W. side of the grand Hima* 
laya range ; differing from the Ganges, inasmuch as that river has the 
upper part of its course within the Himalaya, flowing from S. £. to 
N. W. ; and it is only from Sookie, where it pierces through the Himalaya* 
that it assumes a course of about 20 S. W. The mean latitude of tiie 
hot springs of Jumnoutri appears to be 30^ 58'. 

After descending into the bed of the Bhagirutta, that river was also 
traced nearly to its source ; the glen through which it runs is deeper and 
darker, and the precipices on either side far more lofty than those forming 
the bed of the Jumna : the rock in the neighbourhood of its source was 
granite, and contuned black tourmaline. 



CHAP. T.] SPRIKGS AND BIVERS. 85 

the sea-level : — The Danube, 2850 feet ; the Elbe, 4500 feet ; the Rhiner 
7650 feet ; and the Rhone, 5500 feet. 

The mean velocity of rivers is estimated at from 3 to 4 feet in a second. 
It is determined by measuring the motion of solid bodies which are of 
about equal specific gravity with water. A very rapid stream rarely 
flows more than 13*3 feet in a second. This is about equal to nine miles 
in an hour. Tlie central current of the Thames flows at a mean rate of 
from 4 to 5 miles in an hour. A fell of one inch per mile in a smooth 
straight channel gives a velocity of three miles per hour. The maximum 
velocity of rivers is to the mean velocity as 5 to 4 nearly. 

Ikdkdations. — Rivers which run through low flat districts and ter* 
floinate in deltas, are subject to inundations, whereby large tracts of 
eountry are covered with water. In some parts of the world these inun- 
dations are periodical, and depend upon the fall of an enormous quantity 
of rain within a short period. This is the case with the Nile, the Ganges, 
and the Mississippi. The accumulation of water is so vast, that it cannot 
be discharged through the ordinary channel. In some instances these 
inundations are attended with benefit, as the supply of water tends to fer- 
tilize large tracts of arid soil ; and care is taken to avoid those accidents 
which might otherwise occur. The inundation of the Mississippi occurs 
b spring, towards the part where it pours its waters into the Gulf of 
Mexico : it is then no longer a river, but a kind of muddy sea, bearing 
on its sur&ce enormous masses of wood, washed firom its banks. These 
logs, mixed with mud and sand, tend to fill up the delta. According to 
M. de Beaumont, the promontory at the mouth of this river is lengthened 
yearly to the extent of 1150 feet by the constant addition of vegetable 
and earthy matter. 

Some of the rivers of Europe are liable to destructive inundations after 
the long-continued iall of rain. The Rhone, the Po, and the Amo, have 
thus risen above their banks, and have laid waste large tracts of country, 
causing an immense destruction of life and property. Florence and Pisa 
have only recently suffered from a great inundation of the Amo. These 
events are unusual; and, as no preparation is made against such oc- 
currences, their effects are for a long time seriously felt. In mountainous 
countries, extensive inundations ofien occur from the sudden and rapid 
melting of the snows. 

Philosophers have endeavoured to calculate the proportion 
of water evaporated, and to compare this with the quantity 
returned to the ocean hy rivers. It is obvious that nothing 
more than an approximation can here heohtained. Dr. Halley, 
during his residence at St. Helena, estimated from his expe- 
liments that ten square inches of the surface of the sea 
yielded one cubic inch, or 252 J grains of water hy evapo- 
ration in every day of twelve hours; and on this datum a 
square mile of the ocean would yield 6914 tuns of water in 
the same time. He further calculated that the quantity 
evaporated from the surface of the Mediterranean on a 
summer's day, was not less than 5280 million& of tuns! 
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This enormous amount of water, thus carried into the 
atmosphere in the form of invisible vapour, is quite sufficient 
to account for the formation of springs and rivers bj its de- 
posit as rain or dew. It has been supposed that the amount 
contributed by rivers, would not be sufficient to make up the 
loss thus occasioned by evaporation. Halley calculated that 
not more than 1827 millions of tuns of water again flowed 
into the Mediterranean by the rivers which emptied them- 
selves into this sea; and although a vast current sets in 
from the Atlantic, this, added to the supply from the rivers, 
would still fall far short of the quantity evaporated. But 
the Mediterranean has scarcely altered its level for the last 
2000 years, as the Roman villas, the ruins of which are still 
standing on the Bay of Baise, prove ; if any difference has 
taken place, it has been rather by increase than decrease. 
Further, the Mediterranean does not become more salt than 
the Atlantic in the same parallel of latitude. In making 
this comparison, it has not been considered that a very 
large portion of the water which is raised into the atmo- 
sphere, is again returned to the sea itself.* The tnean 
annual fall of rain on the globe is estimated at 105,614 cubic 
miles : if this precipitation take place upon land and sea in 
proportion to their respective surfaces, then the quantity 
which falls on the sea will be 67,343 cubic miles, and on the 
land 38,271 cubic miles of water. Out of this it is calcu- 
lated that two thirds are expended in irrigating the soil, or 
in supporting vegetable life, and pass again into the atmo- 
sphere by evaporation, so that no more than 12,757 cubic 
miles will annually reach the ocean by rivers.f All the 

* The Mediterranean is 2350 miles in length. Its breadth varies 
from 100 to 650 miles, and its area is equal to 1,000,000 square miles. 

f This is the estimate given by Dr. Traill ; but Professor Berghaus 
has arrived at a different result. According to this authority, the mean 
annual fiill of rain within the tropics is about 8 *5 feet ; in the temperate 
cones, 3*05; and in the frigid zones, 1-25 feet. The area of the torrid 
zone may be represented by 4 nearly ; that of the sum of the two tempe- 
rate zones by 5 ; and that of the two frigid zones by 1 . Now, propor- 
tioning the fall to these numbers representing the respective surfaces, the 
general mean for the whole earth will be Jive feet of depth of fall very 
nearly. This mean depth would give 186,240 cubic imperial miles of 
water, or 760,000,000,000,000 of tuns of water, for the total annual fall 
of rain on the surface of the globe ! 

According to Mr Dalton, the quantity of rain which falls in England 
is 36 inches a year. Of this, 13 inches flow off to the sea by rivers, and 
the remaining 23 are raised again from the ground by evaporation. The 



CHAP.Y.] AND TIIE OCEAN. 87 

researehefl yet made, render it, however, probable that there 
k ft oompensatioii between the amount of water raised bj 
eraporttiion, and that which is again deposited on the earth 
ttd Bea under the form of rain and dew. If any difference 
appear, it is probably owing to the difficulty of obtaining ac- 
eurate data for solving the question. 

Lakxs. Bj the term lake is understood a large accoma- 

latioQ of water, derived from one or more rivers, or from 

tiieiDeetDig of a number of small streams. Lakes are 

Boitfi^iiently met with in rocky or mountainous countries. 

Wbi they exist on plains they are generally shallow ; and 

k Iropical countries, if of small extent, the bed becomes dry 

Annig the hot season. The depth of a lake is commonly 

determined by the slope of the mountains forming its boun- 

^, and thus some of the deepest lakes are bounded by 

tile most abrupt precipices. In general the water resembles 

^ of the river ; but when the lake has no outlet, and the 

nil is saline, the waters become salt. This is the case 

^ the Lake Asphaltites, or the Dead Sea in Palestine. 

^waters of this lake contain a greater proportion of salt 

^ those of any other lake or sea in the world.* It is 

'iBOttrkably deep compared with its extent. It has a length 

^ lixty miles, with an average width of ten miles, and is 

^at fifty miles distant from the coast of the Mediterranean. 

Iti surface is depressed, according to the measurement of 

Ueat, Symonds, in 1841, no less than 1312*2 feet below the 

evd of this sea ! It was sounded a few years since by 

ifr. Moore, but no bottom was found at the great depth of 

220 feet ! If we add to this its depression, below the level 

' the Mediterranean, it is obvious that there is in Palestine, 

ily fifty miles distant from the coast, an enormous chasm in 

e earth uwards of 3500 feet in depth. The level of its sur- 

ce is probably the lowest on the globe. The principal river 

hich flows into it, is the Jordan, the waters of which are not 

ore saline than those of other rivers ; and the great saltness 

inches of water are, of course, supplied by eTaporation from the sea, 
d are carried back to the land through the atmosphere. 

* The specific gravity of the water is 1*21. It contains 26 per cent, 
saline matter, more than one half of which is common salt. Sea water 
■ely contains more than from 3 to 5 per cent of saline matter. Com- 
m water boils at 212° : the water of the Dead Sea, in consequence of 

* Urge proportion of salt contained in it, does not boil under- a tempe- 
;ure of 222°. 
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of the lake must be ascribed to the large quantity of rock salt 
which exists in and around its eastern shores. The Lake of 
Tiberias is 329 feet below the level of the Mediterranean. 
There can be no communication between these lakes and the 
sea, or the whole of that part of Palestine would be flooded,* 
The most important lakes in the world are the great fresh- 
water lakes of North America. Lake Superior is 380 miles 
long, 161 miles broad, and its surface is 672 feet above the levd 
of the Atlantic. Its average depth is 900 feet ; but in some 
parts it has been sounded to the depth of 1200 feet. It covers an 
area of about 32,000 square miles. Its bottom is 300 feet below 
the level of the Atlantic ocean I These enormous masses of 
water must be regarded as inland seas. The water is saline, 
but not salt like that of the sea. It differs but little in 
chemical properties from the river water which flows through 
them. It was long since remarked that all lakes from which 
rivers derive their origin, or which fall into the course of 
rivers, are not saline like the water of the sea ; wjiile those 
on the contrary which receive rivers without other rivers 
issuing from them, are saline. This view is borne out by 
observations made on the great central basin of Europe and 
Asia, in which are situated some remarkable salt lakes or 
inland seas. This vast basin, into which water is poured by 
a large number of rivers, but from which no water again 
issues into any of the surrounding seas, reaches nearly from 
the Baltic to the Yellow Sea, and from the Persian Gulf 

• The highest water level in the world is probably Lake Sir-i-Kol, ia 
central Asia, the source of the river Oxus. According to Lieut. Wood, 
this is situated at an elevation of 15,600 feet above the sea. Betwem 
this level and that of the Dead Sea is a space of no less than 16,912 feet. 

Some inland gulfs are remarkably deep. One arm of the Red Sea — 
the Gulf of Akabah, was found by Lieut. Wellsted to be 1200 feet in 
depth at a distance of only 50 yards from the shore. 

The level of the water at the Isthmus of Suez, near its northern ex- 
tremity, is, at various periods of the day, from twenty-five to thirty-two 
feet above the level of the Mediterranean. This is probably due to the 
narrowness of the straits of Bab-el- Mandeb and the great length of the 
sea, circumstances which tend to prevent the egress of water carried into 
it by the currents of the Indian ocean. 

Tlie difference in the levels of the Atlantic and Pacific Oceans, on 
either side of the Isthmus of Darien, has been much exaggerated. Ac- 
cording to the most accurate measurements over a distance of 64 miles, 
the level of the Pacific is about 3 '6 feet above that of the Atlantic; and 
it appears that at different hours of the day, according to the tides, one 
tea is higher than the other. 
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to the White Sea. The Volga, which carries off as much 
water as the Mediterranean receives from all the European 
riyers, flows into it, discharging itself into the Caspian Sea 
or lake, from which there is no outlet. This sea has a 
kngth of 700 miles, a breadth of 210 miles, and a depth of up- 
wards of 400 fathoms : in some places 2700 feet of line failed 
^ to reach the bottom. Its area is equal to 147,000 square 
^ miles. The waters are as salt as those of the Atlantic or 
Pacific.* The sea or lake of Aral is also extremely salt. 
There are numerous other salt lakes in this basin which, are 
ndpients of rivers, and have no outlets. The saltness of the 
water is ascribed to the effect of evaporation, slowly leading to 
its concentration ; for the chloride of sodium (common salt) is 
> constituent of all river water, but it is especially abundant 
in the waters of those rivers which flow through the vast 
sandy plains of central Asia. The waters of the sea of 
•^ are found to be much Salter than those of the Atlantic, 
^t is worthy of remark, however, that while the Caspian is 
only 83-6 feet below the level of the Black Sea, there are 
great salt marshes which extend between the two, rendering 
^t probable that they have been at one time united. The Cas- 
pian and the Aral contain the sturgeon, the herring, and the 
*eal, with the deep-sea fish found in the ocean — a kind of 
^logical evidence of a former union with the great mass of 
Waters that cover the globe. 

Lake Baikal, which is not in this basin, is a considerable 
^sh-water lake, being 360 miles long by 40 broad. It dis- 
charges itself into one of the branches of the Yenisei. 

The Ocean. The whole area of the waters of the ocean 
is estimated at 144,000,000 square miles. The oceanic water 
is strongly saline, and it owes its bitter taste to its contain- 
ing salts of magnesia.f By the effect of winds producing 

* According to recent calculations, nearly one half of the whole run- 
ning water of Europe falls into the Black and Caspian Seas ; which is 
the more remarkable, as the one is an inland sea, situated in the interior 
of the continent, and the other, a completely enclosed inland lake. 

f The specific gravity of sea water is influenced partly by its tempera- 
ture and partly by the quantity of saline matter contained in it. A por- 
tion taken from the surface of the Atlantic, in the Gulf of Guinea, had a 
sp. gr. of 1 *028. It yielded on evaporation 3*5 parts of saline matter per 
cent — two-thirds of which were common salt. The proportion of saline 
matter contained in sea water increases as we approach the equator ; but 
the difference in quantity in north latitude, 80° and \4°, was not more 
than 0*46 per cent. Some water drawn up by Captain Wauchope from a 
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waves, currents, and tides, the waters are in continual 
motion.* 

It is probable that in some parts of the deep sea there are 
strong currents like those which are met with on the sur- 
face.t The colour of the sea when of great depth is a rich 

depth of nearly 4000 feet in the Gulf of Guinea, 100 miles from the 
ooastf had a specific gravity of 1 *03, and it yielded 4*5 per cent, of salins 
matter. The surface water in this case contained less than that found 
at a great depth ; but it is remarkable, as showing very great uniformity 
of composition in the waters of the ocean, that those peculiar elements, 
iodine and bromine, were discovered in the deep sea water. 

In Captain Ross's more recent observations in his Antarctic voyage, it 
was found that water, taken at a depth of 4000 feet, scarcely diffeied in 
the specific gravity, and therefore in ^e proportion of saline matter, from 
that taken at the surface. Making due allowance for temperature, it 
was as nearly as possible the same. 

Many speculations have arisen as to the cause of the saUness of the sea. 
One hypothesis assumes that the water of the ocean was originally fresh, 
and became salt by dissolving salt rocks at its bottom. Dr. Halley thou^t 
tj^at the salt was slowly carried into the sea by rivers, and left there by 
evaporation : but neither view is satisfactory. We have the clearest evi- 
dence, from geological observations, that the sea has once covered the 
land ; and it is probable that the waters then in great part acquired 
their saline contents. Common salt is the most abundant constituent of 
sea water, and with it is found much more abundantly on the earth 
than the other saline substances with which it is mixed ; it is just as 
soluble in cold water as in hot. Hence, all rivers certainly carry a large 
proportion of salt into the sea, and but little is again lost by evaporation. 
When sea water freezes, the pure water separates in solid blocks of ice, 
while the salt is left in a state of strong brine. Some northern nations 
obtain their salt from sea water by this natural process. Loose, or 
porous ice, found in the Arctic seas is, however, generally found to con- 
tain a quantity of salt water locked up in its interstices. 

* Various statements have been published respecting the height of 
wctves in the open sea. Captain Ross recently made some calculations 
on their height in the South Atlantic (lat. 31^ 20^ S., and long 0). 
There had been a south-westerly breeze the preceding day, amounting to 
a moderate gale, and the ship ran into a heavy swell. The results of 
several experiments gave 22 feet for the- entire height of the waves, or 1 1 
feet above the mean level of the ocean ; the velocity of the undulations 
was at the rate of 89 miles per hour, and the interval between each wave 
was 1910 feet. 

f CnaasNTs. — According to Rennel, there are two kinds of currents; 
the drift, or superficial current, which depends on the action of prevalent 
winds, the velocity of which is not greater than ten or twelve mUes a day, 
and the stream current, which may be regarded as an immense oceanic 
river, two or three hundred miles in breadth, extending to a considerable 
depth, and moving with an average velocity of from 60 to 1 20 miles a 
day ! The temperature varies according to the climate in which the cur~ 
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blue: this is especially remarkable on a calm daj in the 

nut has its origin. These currents flow over an almost incredible spaee. 
Tlitis, the water of the Indian Ocean, which washes the shores of Arabia 
fiid Southern Africa, is carried round the Cape of Good Hope, and 
through the Atlantic to the shores of South and North America, the 
Azores, and even the coasts of Europe. The Gulf stream, which issues 
ftom the Gulf of Mexico, reaches to the west of the Azores, traversing 
in its course twenty degrees of latitude, and passing over a distance of 
upwards of 3000 miles. Its breadth in the Bahama channel is fifteen 
lesgues. Rennel calculates that it traverses this distance in 78 days, at 
an average velocity of 38 miles per day. At the end of the G^nlf of 
Florida its progress is like that of a torrent, being at the rate of 1 20 
miles per day. The water of the current is here of a dark indigo-blue 
colour, and the line of separation between it and tfle waters of the 
Atlantic is said to be plainly visible for hundreds of miles. Its maximum 
temperature is about 9^ above that of the ocean. Its influence is alleged 
to be felt in Noarway, and even on the shares of Spitzbei-gen. Hence the 
fruit and seeds of trees belonging to the torrid sone of America are ooca* 
sionally thrown on the shores of Ireland, the Hebrides, and Norway. 
B^ore the discovery of America by Columbus, towards the end of the 
fifteenth century, two corpses, the features of which indicated a race of 
unknown men, were thrown on the coast of the Aaores. Cargoes of 
fessels wrecked on the coast of Africa, have by the same means reached 
the Norwegian coast. 

Where the Gulf stream meets with the great Southern Atlantic cnr- 
Knt in the middle of the Atlantic, the sea is covered with a weed of a 
bright green colour (Sargasso). According to Humboldt, the central 
Bjtace of the Atlantic covered by this weed is equal to an area of 260,000 
square miles ! It was here seen by Columbus in September, 1492. 
llie weed is carried onwards by the Gulf stream, giving the sea a grassy- 
green colour. 

While this current tends to warm cold climates, there » a great Arctic 
current issuing from under the ice 7n high latitudes, which flows south- 
wards, enters at a great d^h into the Caribbean Sea, thus replacing the 
warm water carried out by the Gulf stream, and tending to cool the hot 
regions of central America. The temperature of the water of the Carib- 
beiin Sea at a slight depth is below the mean temperature of the air, and 
as eold as that which exists at a similar depth off the shores of Spitzbergen. 
At a depth of 1440 feet the Caribbean water had a temperature of 48^, 
while that of the surface was 85°. These great oceanic currents, there- 
fore, tend to equalize the temperature of the globe. 

It is this Arctic current which brings down the icebergs and icefields 
from the North Polar regions into southern latitudes. I&oresby counted 
500 icebergs setting out on the Arctic current at one time, lliey have 
been found north of the equator in the parallel of 40°, and south of the 
equator in the parallel of 35°. 

Icsrrci.DS have been encountered a hundred miles in length, with an 
average breadth of fifty miles, and rising out of the water to a height of 
from four to six feet. 
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Mediterranean*, and it is very probable that the colour is 
nothing more than that of a large column of clear water. 
When the sea is comparatively shallow, the colour is green, 
This is considered to be due to the yellow colour reflected 
by the sandy bottom mingling with the natural blue tint of 
the water. It was observed by Captain Ross that the sea 
around large icebergs, or fields of ice, commonly had a dirty 
brownish colour, owing to myriads of ferruginous animalcula 
which swarmed around them. In other places it was of a 
deep blue colour. This served as a kind of indication of 
their approach to ice. 

The bottom of the sea is as irregular as the surface of the 
land, a fact established by the use of the plumb-line. The 
sea around our own coast has an average depth of 120 feet; 
but in some parts of the British Channel it reaches 200 feet. 
Around the coast of Scotland its depth is 360 feet, and on 
the western coast of Ireland it shelves off very precipitously 
towards the Atlantic, to the depth of 2000 feet. The Straits 

IcEBKROs, which are probably detached glaciers of the circumpolar 
regions, are sometimes of enormous dimensions, attaining a height of 
from 100 to 200 feet above the level of the water, and having a length of 
three-quarters of a mile, and an area of two or three miles : — they form; 
in &ct, ice-islands. In order to comprehend their enormous dimensions^ 
it must be remembered that from the difference in the specific gravity of 
sea water and ice, nearly nine-tentlu of the mass of floating ice are bdow 
the level of the sea ! This will explain why icebergs have been observed 
to be aground in a sea six hundred feet in depth. These ice islands, or 
mountains, thus transported by currents, dissolve in the warm sea water 
of low latitudes, and tend to produce an equilibrium of temperature. 
Their influence in this respect may be appreciated from the &ct that the 
water is rendered perceptibly colder to a distance of forty or fifty miles 
around them, and in their immediate vicinity the water has sunk in 
temperature firom 51^ to 43^. Henceall winds that blow over them are 
exceedingly cold. From their enormous masses they have often been 
mistaken for fixed islands, and they yearly give rise to numerous fatal 
accidents at sea. Captain Sir J. C. Ross states that in February, 1843, 
he met with an iceberg in lat. 70^ S. and long. 173° W., which had a 
diameter of four miles. He inferred from his observations that it was 
drifting southwards at the rate of one mile per diem. The great barrier 
of ice which intercepted his further progress to the South Pole in lat. 
78° 15% was 180 feet above the level of the sea, 1000 feet in thickness 
(depth), and 450 miles in length ! 

* In a storm the writer has observed the waters of the Mediterranean 
to assume the colour of ink } on a bright summer's day, they have the tint 
of ultramarine 
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of Gibraltar present a remarkable instance of inequality. 
In the longitude of Cape Trafalgar, on the Atlantic side of 
the Straits, there is a depth of 360 feet. A short distance 
within the Straits the depth is 6000 feet, and soon after no 
bottom can be discovered by the plumb-line. It would thus 
appear that there is here, within a very short distance, 
a submarine precipice nearly 6000 feet in perpendicular 
depth! Many of the islands scattered over the ocean, as 
the Canaries, Ascension, Saint Helena, Bourbon, Mauri- 
tius, and Kerguelen's Land, from the vast depth of the 
sea around them, can only be regarded as the highest 
peaks of enormous submarine mountains. They are for the 
most part volcanic. This great inequality of the bed of the 
ocean has been strikingly proved by the numerous observa- 
tions on its depth taken by Sir James Clark Ross, in his 
late Antarctic expedition. In the Antarctic Ocean, lat. 72° S. 
and long. 176° E., the sea was found to be 1380 feet deep ; at 
less than a mile distant from this spot soundings were ob- 
tained at 1044 feet. During one daj^s sailing, the depth was 
found to be at 4 a.m. 1020 feet, at 8 a.m. 1260 feet, and at 
12 A.M. 1620 feet. 

The submarine precipice at the entrance of the Straits of 
Gribraltar shows an enormous difference in the depth of the 
sea ; but a more remarkable instance of this inequality of level 
was ascertained by Sir J. C.Ross in the South Atlantic Ocean. 
At one spot the bottom was reached at rather more than 14,000 
feet ; within less than 300 miles of this spot no soiindings 
dould be obtained at upwards of 27,000 feet, thus making a 
difference of level of 13,000 feet, which is equal to the height 
df the Peak of Teneriffe. The bed of the sea therefore is 
proved to be as irregular as the surface of the land, and 
there are often considerable differences of level within com- 
paratively short distances. It is covered by submarine hills 
and mountains, abounding in coral and shell-fish, masses of 
which are often raised by the deep sea lead. The deep recesses 
of the ocean are thus proved to abound in animal life. Captain 
Boss drew up in lat. 63? S. and long. 55° W., from a depth, 
of 1620 feet, no less than fifty-tvoo varieties of minute sili- 
ceous shell-fish; and. from a depth of 1380 feet the lead 
brought up a crustaceous animal (the nymphon gracile\ 
which is common in the North Polar seas. The temperature 
of the water at this depth was found to be 34° 6', Le. only 2° 
above freezing, and yet this was not incompatible mih^smak 



94 ON LAKES^ INLAND SEAS, [PABT I. 

life.* According to the observations of Mr. Beale, the sperm 
whale descends to the depth of 4000 feet. 

There is great reason to believe that the coral worm must 
work upwards from these submarine hills and mountains, 
and it is not improbable that thej form also the basis of 
submarine volcanoes. 

Nothing is known concerning the absolute depth of the 
ocean. It has been sounded in various places, and in some 
instances at great depths, without the discovery of any bottom. 
In 1829 Captain Foster found no bottom in the sea off Cape 
Horn, at a depth of 5400 feet; i»e. rather more than a mile. 
No bottom has been found in the Gulf of Guinea 100 miles 
from the coast at a depth of 4000 feet. Among the deepest 
measurements yet recorded are those which were made in 
the late English and French expeditions to the South Pole. 
The officers of the French ship Venus found no bottom in 
the Pacific, 1200 miles south-west of Cape Horn, at a depth 
of 12,420 feet. The observations recently made by Captain 
Sir J. C. Ross, over a wide space in the Atlantic and I^ific 
Oceans, are of the most extensive and accurate kind. In 
April, 1841, in lat. 52° S. and 136° E., about 600 miles 
south of Van Diemen's Land, the sea was found to have a 
depth of 9240 feet. The weight lowered was 336 pounds, 
and it struck ground at this enormous depth (nearly the 
height of Mount Etna) in 24 minutes and 29 seconds. The 
boat was kept moored to the bottom by means of the 
weight, in order to ascertain if there was any deep cur- 
rent which affected it; but it was not perceptible. The 
line was then cut, not being sufficiently strong to draw 
the weight up again. On the 3d of January, 1840, in 
lat 27° S. and long. 17° W. (in the middle of the South 
Atlantic, and about 1000 miles from the coast of South 
America), soundings were obtained at a depth of 14,550 feet; 
a depression of the bed of the ocean beneath its surface very 

* The heavy mass of lead employed in these soundings is covered be- 
neath with a thick layer of tallow, so that the substances which it touches 
at the bottom of the sea adhere to it and are brought up with it. It is 
oHea lowered for many thousand feet, and comes up with the soft layer 
of tallow free from any mark or indentation. The volcanic nature of the 
Antarctic land discovered by Captain Ross was indicated by sinking the 
lead, some miles from the shore, to the depth of 990 feet. It brought up 
several small black stones, which were evidently of volcanic origin, and' 
had probably been thrown out as lava by the great Antarctic volcanoes, 
many centuries since ! 
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little short of the elevation of Mont Blanc above it. In the 
soathem ocean, just within the Antarctic Circle, lat 68° S. 
and 12° W., no bottom was found at a depth of 24,000 feet ; 
bnt the most remarkable of all these observations was that 
made in the South Atlantic on the Sd of June, 1843, in 
lat 15° S. and long. 23° W., in a calm and smooth sea. No 
bottom was found with 460O fathoms of line, or 27,600 feet, 
a depression equal to the height of the loftiest mountains in 
the world. This is the greatest depth to which the ocean has 
been actually fathomed.* The depth of the open Atlantic 
is probably not less than 26,000 feet — about five miles : 
the maximum depth has been calculated by Whewell from 
tidal undulations at 47,500 feet, or nine miles, f Such has 

* Some of these fathomings are represented in the Comparatiye Section 
of the Earth and Sea. (See plate yiii.) 

f There is what appears to be a popular error respecting this method of 
determining the depth of the sea. It is commonly said that the density 
of the water would become so increased by the superincumbent pressure, 
that the weight would be buoyed up, and could never reach beyond a 
eomparatiyely slight depth ! Some nautical men of experience actually 
beliere that at a certain depth in the ocean, lead will float. This alleged 
compressibility of water is whoUy inconsistent with our knowledge of its 
prop^ies. According to the most experienced observers, water suffers 
only a condensation of '0000496 of its bulk for every atmosphere of 
pressure, a quantity which can scarcely be appreciated. It is calculated 
thtt it would require a depth of no less than ninety^ikree milu in order 
that water should become doubled in its denaty, or reduced to half its 
balk by superincumbent pressure ! As no sounding has gone beyond Jivt 
imfes, and the specific gravity of lead is eleven timea as great as that of 
water, it is clear irom this, if not from actual observation, that a heavy 
mass of this metal cannot possibly be rendered buoyant in the way sup- 
posed. Sir J. C. Ross found that 9240 feet of line ran out in 24 minutes, 
with a weight of 336 pounds attached to it. The first 600 feet of line ran 
oat in 36 seconds, and the last in about two minutes, from the increased 
friction. Even if the sea were ninety miles in depth, the metal would be 
aboat five times as heavy, bulk for bulk, as the lowest stratum of water 
with which it was in contact I To suppose, therefore, that there is any 
accesmble part of the sea where iron or lead would float, is entirely op- 
posed to our knowledge of the great incondensability of water imder 
pressure. A depth of a mile would give a pressure of 165 atmospheres. 
The condensation of water at one mile, as ascertained by submitting it to 
high pressure, would therefore be ( -0000496 x 165) only •008 of the bulk, 
and at five miles, "04, or one twenty-fifth part I It is alleged that water 
undergoes a greater degree of condensation than this at higher xpressures : 
but no facts are adduced in support of this statement. The theory of 
the hydraulic press, the action of which is based on the tncondensafaility 
of water, is decidedly adverse to it Water, it is well known, may be even 
forced, in the attempt to condense it, through the pores of thick copper 
and gold, as in the famous Florentine experiment, 'V^ood, d^'^fm^ 
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been ascertained with respect to the deep sea by these sound- 
ings, namely, that its temperature over the whole ocean is 
remarkably uniform. At a depth of 3000 feet the tempera- 
ture of the waters of the ocean is at or near 39^ in spots far 
removed from each other. Between this depth and the sur- 
face there is great variation, but below this the temperature 
was found by Captain Ross, in fathoming to the depth of 

of air, has a specific gravity of 1 *5 ; and so &r as density is concerned, 
and irrespective of the effect of submarine currents, even this substance 
would sink to the depths of the sea as far as they have yet been fathomed. 
Admitting that the degree of condensation by pressure is much greater 
than that commonly assigned by philosophers, still this would not mate- 
rially affect the practical results^ Hie writer has seen it stated, but he does 
not know that the statement was based on ' experiment, that sea water at 
a depth of 1000 fathoms undergoes a condensation of one-twentieth of its 
bulk. Even if this were admitted, it would require a depth of 20,000 
fathoms, or 23 miles, in order that its density should be doubled I 

Another objection has been taken to the determination of the depth of 
the sea from these soundings, namely, that the currents of the ocean may 
cause the weight to drift ftoia the perpendicular. These currents un- 
doubtedly exist in many parts of the deep sea ; but the plan adopted 
by Captain Ross to obviate this objection must show, that it could 
not apply to the soundings taken by him, — the line with the weight 
having been attached to a boat on the calm sea. If the supposed deep 
current had possessed such power as to carry a mass of lead weighing 
upwards of 300 pounds so far out of the pierpendicular as materially 
io affect the calculation of the depth, it is obvious that it would have 
caused the boat to drift, independently of any superficial current ; and 
this would have been indicated by its moving rapidly from the spot. As 
there was no perceptible motion in the boat in the 24 minutes during 
which the experiment lasted, it is clear that in this case the line could 
not have deviated to any great extent from the perpendicular by the 
drifting of the weight. The irrelevancy of this objection will also be 
apparent from the fact that the line and weight were in the condition of 
a pendulum upwards of 9000 feet in length ! With such an enormous 
radius, the weight must necessarily be drifted to a considerable distance 
in the deep sea, in order to raise it out of the perpendicular only to the 
height of one foot. The line being small compared with the weight, 
and presenting but a very slight surface to any horizontal currents of 
water, cannot be supposed to be carried to any material extent from the 
perpendicular, since the force of gravitation would be always acting upon 
the lead and tending to keep it tense, even, although, on hydrostatic 
principles, the water would buoy it up more than air. The loss of weight 
from this buoyancy would not be more than SO pounds in a mass of lead 
weighing S36 pounds. 

The presence of saline matter in the water does not render it more com- 
pressible ; and observation of its specific gravity when drawn up from great 
depths (3600 feet) shows that in this respect it scarcely differs from the sur- 
face water; its density (1'027) is only 1-S3d greater than that of distilled 
water. 



CfiilP. v.] 



TE3CPE8ATDBS OF THE OCEAN. 



97 



6000 feet, to be aboat the same.* From his observations he 
considers that the influence of the sun's heat is felt as low 
down in the ocean as 2700 feet. The surface temperature 
TEiies considerablj according to latitude : — in the equatorial 
seas it ranges from 70° to 80°, and in the polar seas it is at 
or below the freezing point.f 

* The fi^oinng Table represents the temperature of the sea at dif- 
ferent depths and in different latitudes. 



Diva«r;iit.aB0 8. 


Lat.A50S. 


Lat. MO 8. 
Look. 60 W. 


Lat. 8SP R. 
Loag. 1660 £. 


LM.600R. 

Long. 1310 W. 


Lat. 70° 8. 
lAin||.1740W. 


Lat. 07. 8. ' 


AAmm Temp. 
1000 39 -5^ 


Tewtp. 
39-5^ 


JcHtp, 


Tetnpm 


Tetnp. 


Tetfip. 


Temp. 


1 75D 


S9-4 


39 -3 




40.40 








1 600 


38-7 


39-4 


390° 


42-7 


40-50 


37-6° 


38-0° 


1 450 




39-6 


37-8 


45-6 


39-5 


35-8 


37-5 


300 


35-5 


39-6 


36-8 


49-5 


38 


35 


35-5 


150 


33 


40 


35-2 




37 


32-1 


34-2 


fciW SO-SJ 


40 


33-5 


59-7 § 


35 


28 


33. 


1 No bottom at 4000 fathoms. 

1 No bottom at 750 iathoms, 270 miles off the north end of New Zealand. 



t The depth of the sea has a great influence on the temperature of 

Ac turSace, In shallow water the temperature is, cateris paribus, lower. 

In (be deep sea it is more uniform. Dr. Davy found on approaching 

^buid off the Cape of Good Hope, that the temperature of the water 

bMsme reduced by 2^ ; and it has been repeatedly observed that over 

s Bobmarine bank it is lower than in the open ocean. This fact may 

snre to indicate the approach to land in thick and hazy weather, when 

there bas been no opportunity of taking observations. In the Caribbean 

, Sea, while the surface of the water had a temperature of 85^, at a depth 

of 240 fathoms it was found to b^ as low as 48°. The great Arctic cur- 

nut here sets into the sea under the Gulf stream. Cceteris paribus all 

ioland seas have a higher temperature than the open ocean under equal 

parallds of latitude. 

-From the researches of Humboldt, it would appear that the zone oi 
greatest warmth in the waters of the ocean, is on the north side of the 
equator, in about 3^ north latitude. This part of the Atlantic is free 
/rmn currents, and the heat becomes concentrated. The surface water oi 
die Pacific Ocean in the equatorial region is warmer than that of thi 
Atlantic. Over more than 50° of longitude it was found to have a 
imifbrm temperature of about 84*74°. 

The temperature of the water at the bottom of deep lakes does not 
materially vary from that of the deep sea. Saussure made a most com- 
plete examination of this subject on all the lakes of Switzerland. Two 
of the deepest of the Swiss lakes are those of Geneva and Lucerne. The 
Burfiice water of the lake of Geneva, examined during a cold season, was 
41^, and at the depth of 1 000 feet, the water had a temperature of 42°. In 

F 
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Great as the assumed depth of the sea may appear to be, 
it dwindles to a mere fihn compared with the mass of the 
earth. Thus nine miles would represent only 1 -885th part 
of the earth's mean diameter, and in a globe of thirty-siz 
inches this would be equivalent to the thickness of l*'25th 
part of an inch. The greatest depth to which our soundings 
have yet extended would therefore be represented only by 
the l-50th of an inch upon such a globe ! (For a comparative 
view of the depth of the ocean see Plate VIII.) 



Chapter VL 
Of the Fliix and Reflux of the Tides. 

A Tn)E is that motion of the water in the seas and livers^ 
by which they are found to rise and fall in 'a regular sticces- 
sion ; and this flowing and ebbing is caused by the attraction 
of the sun and moon.* 

Suppose the earth to be entirely covered by a fluid as 
A, B, z, c, D, Q, N {Plate ILL Figure 2.), and the action rf 
the sun and moon to have no effect upon it, then it is evident 
that all the particles, being equally attracted towards the 
centre o of the earth, would form an exact spherical surface; 
except, that by the revolution of the earth on its axis N 8, 
the attraction from b towards o, and from Q towards o, would 
be a little diminished by the centrifugal force. Let the moon 
at M now exert her influence upon the water ; then becauao 
the power of attraction diminishes as the square of the dis- 

the lake of Lucerne (650 feet), while the surface temperature Witf 699, 
that of the water at the bottom was 41 *5°, presenting the greatest dll* 
ference among all the observations. Tlie highest temperature clbaetmi 
was at \ the bottom of the lake of Bienne, 44^, the depth being 2S5 ftA. 
This has been found to be the temperature of sea water under the equatMV 
at the depth of 2400 feet The lowest temperature observed in these 
lakes was in L*ake Constance, at the depth of 400 feet, the temperatuM 
of the water being 40^. The extreme range of temperature^in the wnter 
of these deep lakes was only about 4^. 

* This was known to the ancients : Pliny expressly says that the oanae 
of the ebb and flow is in the sun, which attracts the waters of the oeetfb, 
and that they also rise in proportion to the proximity of the moon to tbe 
earth. Dr. Huron's Math, Dictionary, word Tides. 
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tenee increases, those parts will be the most attracted which 
are the nearest to the moon, and their tendency towards o 
will be diminished : the waflers at z, b, and c, will therefore 
rise^ and at z, which is nearest to the moon, they will be 
the higiiest : but when the waters in the zenith z are elevated, 
tiioseiii the nadir K.are likewise elevated in a similar manner ; 
this is kno¥rn from experience, for we have high water when 
tiie moon is in our nadir, as well as when she is in our zenith ; 
we therefore conclude that, when the moon is in our zenith, 
our antipodes have high water ; the truth of this, as well 
as every other phenomenon respecting the tides, will be 
discussed in the following theorems. 

Theobeic I.* The parts of the earth directly under the 
moofiy or where the moon is in the Zenith, as at z (Plate III. 
Hgure 3.) ; and those places which are diametrically oppo- 
site to the former, or under the Nadir, as at n, wUl have 
high footer cU the same time. 

Because the power of gravity decreases as the square of 
the distance increases ; ^ waters at a, b, z, c, d, on the 
ride of the earth next the moon h, will be more attracted by 
Ihe moon than the central parts o of the earth, and the 
oentral parts will be more attracted than the surface x on the 
opposite side of the earth ; therefore the distance between 
4he centre of the earth and the surface of the water, under 
the zenith and nadir, will be increased. For, let three bodies, 
•s^ 0^ and N, be equally attracted by m ; then it is evident they 
will all move equally fast towards m, and their mutual dis- 
tances from' each other will continue the same ; but if the 
bodies be unequally attracted by m, that body which is the 
iDoflt attracted will move the fastest, and its distance from 
the other bodies will be increased. Now, by the law of 
{mvitation, h will attract z more strongly than it does o, by 
which the distance between z and o will be increased. In 
-like manner o being more strongly attracted than n, the dis- 
tece -between o and n will be increased: suppose now a 
mnnber of bodies, a, b, z, c, d, f, n, e, placed round o, to be 
attracted by m, the parts z and n will have their distances 
fipom o increased ; while the parts a :and n, being nearly at 
the same distance from h as o is, will not recede from each 

* A theorem is a pvoimation which admits of proof* or demonstration, 
from definitions clearly undentood^and from the'kaown general properties 
«f the sabjeot uwder ^ontidMation. 

r 2 
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other, but will rather approach near to o by the obliqnd 
attraction of m. Hence if the whole earth were composed 
of bodies similar to a, b, z, c, if f, n, e, and were similarly 
attracted by m, the section of the earth, formed by a plan^ 
passing through the moon and the earth's centre, would be a 
figure resembling an ellipsis, having its longer axis zs 
directed towards the moon ; and its shorter axis ad in the 
horizon. The figure of the earth, therefore, would be an 
oblong spheroid, having its longer axis directed to the mmui 
consequently it will be high water in the zenith and nadir at 
the same time ; and as the earth turns round its axis from 
the moon to the moon again in about 24 hours and 48 
minutes, there will be, during that time, two tides of flood and 
two of ebb. 

According to the foregoing explanation of the ebbing and 
flowing of the sea, every part of the earth is gravitating 
towards the moon ; but as the earth revolves round the sun, 
every part of it gravitates towards the sun likewise ; it may 
be asked how is this possible at the time of full moon, when 
the moon is at m aiid the sun at s f has the earth a tendene/ 
to fall contrary ways at the same time ? This is a very natural 
question ; but it must be considered that it is not the cientre 
of the earth that describes the annual orbit round the fiun; 
but the common centre of gravity of the earth and mooH 
together ; and that whilst the earth is moving round the 
sun, it also describes a circle round that centre of gravity^, 
about which it revolves as many times as the moon revolved 
round the earth in a year.* The earth is therefore constantly 
falling towards the moon, from a tangent to the circle which 
it describes round the common centre of gravity of the earth 
and moon. Let m represent the moon {Plate III. FtffureA,), 
Tw a part of the moon's orbit, and as the earth is supposed 
to contain about forty times the quantity of matter which is 
contained in the moon, the common centre of gravity from 
the centre of the earth towards the moon will be considei^- 
ably less than the earth's diameter f, let this common centi« 

t 

• Ferguson's Astronomy, Article 298. > 

t The common centre of gravity of two bodies is found thus : as ^ 
sum of the weights or quantities of matter in the two bodies is to tb^ 
distance from each other, so is the weight of the lesser body to the distance 
of the greater from the centre of gravity. Now, if the quantity of mattei 
in the moon be represented by 1, that in the earth by 40, and the distanee 
of the earth from the moon be estimated at 240,000 miles, then 40+^1 
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of gravity be represented by c. Then whilst the moon goes 
round her orbit, the centre of the earth describes the circle 
doe round c, to which circle o a is a tangent : therefore 
when the moon has gone from m to a little past w, the earth 
has moved from otx>e; and in that time has fallen towards 
the moon from the tangent at a to e. This figure is drawn 
for the new moon, but the earth will tend towards the moon 
in the same manner during its whole revolution round c. 

Theorem IL Those parts of the earth where the moon 
appears in the horizon, or 90 degrees distant, from the 
Ijenith and Nadir, as cCt A and d (Plate IlH Figure 3.), 
will have ebb or low water. 

For as the waters under the zenith and nadir rise at the 
same time, the waters in their neighbourhood will press 
towards those places to maintain the equilibrium ; and to 
supply the place of these waters, others will move the same 
way, and so on to places of 90 degrees distance from the 
zenith and nadir ; consequently at A and D, where the moon 
appears in the horizon, the waters will have more liberty to 
descend towards the centre of the earth ; and therefore in 
those places they will be the lowest. Hence it plainly 
appears, that the ocean, if it covered the whole surface of 
the earth, would be a spheroid (as was observed in the fore- 
going theorem), the longer diameter as zn passing through 
the place where the moon is vertical, and the shorter 
diameter as ad passing through the rational horizon of that 
place. And as the moon apparently* shifts her position from 

: 240,000 : : 1 r 5853 miles, the distance of the centre of the earth from 
the common centre of gravity. Mr. A. Walker, in the 11th lecture of 
his Familiar rtiilosophy, ingeniously accounts for its being high water in 
the xenith and nadir at the same time, in the following manner : — ** The 
parts of the earth that are farthest from the moon, will have a swifter 
motion round the centre of gravity than the other parts ; thus the side n 
vill describe the circle n v y, while the side m will only describe the small 
circle mrs, round the centre of gravity c. Now, as every thing in motion 
always endeavours to go forward in a straight line, the water at n having 
a tendency to go off in the line n 9, will in a degree overcome the power 
of gravity, and swell into a heap or protuberance, as represented in the 
iigure, and occasion a tide opposite to that caused by the attraction of the 

moon." 

* The real motion of the moon is from the west towards the east ; for 
if she be seen near any fixed star on any night, she will be seen about 
13 degrees to the eastward of that star the next night, and so on. Ttv« 

r 3 
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east to west in going round the earth every day, the longer 
diameter of the spheroid following her motion will occaaioa 
tiie two floods and ebbs in about 24 hours and 48 minutes*, 
the time which any meridian of the earth takes. in revcdying 
from the moon to the moon again ; or the time elapsed (at a 
medium) between the passage of the moon over the meridian 
of any place, and her return to the same meridian. 

The meridian altitude bf the moon at any plaee is her 
greatest height above the horizon at that place ; hence the 
greater the moon's meridian altitude is, the greater tiie tides 
will be ; for they increase firom the horizon d to the point z 
under the zenith^ and the greater the moon's meridian de- 
pression is below the horizon, the greater the tides will be ; 
for they increase from the horizon D towards n, the point 
below the nadir, and tonsequently as the tides increase from 
D to N, the tides in their antipodes will increase from A to z. 

Theorem m. The time of high water is not precisely ai 
the time of the moorCs coming to the meridian^ but ahovt 
an hour after. 

For the moon acts with some force after she has passed 
the meridian, and by that means adds to the libratory or 
waving motion, which the waters had acquired whilst she 
was on the meridian. 

Theobem IY. The tides are greater than ordinary twice 
every month ; viz. at the time of new and full moon^ and 
these are called SpBiNG-Tn>ES. (Rate III. Figure 3.) 

For at these times the actions of both the sun and moon 
concur to draw in the same straight line SMz on, and there- 
fore the sea must be more elevated. In conjuiY^ion, or at 
the new moon when the sun is at s and the moon at M, both 
on the same side of the earth, their joint forces conspire to 
raise the water in the zenith at z, and consequently (accord-* 

noon goes round her orbit from any fixed star to the same agaia in 27d. 
7A. 43m, U'53. Hence 27 d. 7A. 4Sm. 11 •5«. : 360° :: Irf. : 13° 10' 
34*63'' the mean motion of the moon in 24 hours. 

* The mean motion of the moon in 24 hours is 13^ IC 34*68" and the 
mean apparent motion of the sun in the same time is 59' 8 *3" (see thp 
note to definition 61. page t3.): the moon's motion is therefore 12^ 11' 
26*38'' swifter than the apparent motion of the sun in one day» which, 
reckoning 4 minutes to a degree, amounts to nearly 48 minutes 46 seoonda 
of time. 



k 
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ihg to Theorem L) at x the nadir likewise.* When the Bun 
and moon are in opposition, or at the full moon when the 
son is at s and the moon at m, the earth being between them ; 
while tiie sun raises the water at z under the zenith and at 
N nnder the nadir, the moon raises the water at x under the 
stdir and at z under the zenith. 

Theorem V. The tides are less than ordinary twice every 
month ; that is, about the time of the first and last quar* 
ters of the moony and these are called Neap-tides. (Plate 
m. Figure 3.) 

Because in the quadratures, or when the moon is 90 

♦ Mr. Walker says (Lecture 11th), that at new moon, "The sun's 
influence is added to that of the moon, and the centre of gravity c 
(Pbfe III. Figure 4.) will, therefore, be removed farther Arom the earth 
than m c, and of course increase the centrifugal tendency of the tide n ; 
henoe both the attracted and centrifugal tides are spring-tides at that 

time.** ** But spring-tides take place at the full as well as at the 

diai^e of the moon. Now it has been premised, that if we had no 
moon, the sun would agitate the ocean in a small degree and make two 
tides every twenty-four hours, thougl\ upon a small scale. The moon's 
eentrifugal tide at z {Tlate III. Figure 3.) being increased by the sun's 
attraetion at a, will make the protuberance a spripg-tide ; and the svxCs 
ttHin/mgal tide at k will be reinforced by the moon's attraction at m, and 
make the protuberance n a spring-tide ; so spring-tides take place at the 

fiill as weU as change of the moon." Suppose the moon to be taken 

sway {Plate III. Figure 4.) the common centre of gravity of the earth 
and the sun would fall entirely within the body of the sun, round which 
the earth revolves in a year, at the rate of about a degree in a day ; 
hence the parts n of the earth farthest from the sun would have a little^ 
more tendency to recede from the centre of motion «, than the parts m 
which are the nearest. So that if the sun were on the meridian of any 
place, it would be high water at that place by the sun's attraction, and it 
would at the same time be high water at the antipodes of that place by 
the centrifugal tendency of n ; consequently, as the earth revoltes on its 
axis f^om noon to noon in 24 hours, there would be two tides of flood 
and two of ebb during that time. If the line m c be increased when the 
nuxm is in conjunction with the sun, so as to cause the point n to de- 
scribe a larger circle than n v y, and also the point m to describe a larger 
circle than mr s round the centre of gravity c ; when the sun is in oppo* 
rition to the moon, the line m c will be dimiViished, n will therefore 
describe a smaller circle than n v t, and m will describe a smaller circle 
than m r 8, Hence it appears that the centrifugal tendency of n is 
greater at the new moon than it is at the full moon, and m is likewise 
more strongly attracted at the same time ; the spring-tides at the time of 
conjunction would therefore be considerably greater than at the time of 
opposition, were not the moon's centrifugal tide at this time attracted 
by the sun, and the sun's centrifugal tidle added to that caused by the 
moon's attraction. 

F 4 
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degrees from the sun, the sun acts in the direction s d,' and' 
elevates the water at d and a ; and the moon acting in the 
direction mz or mN elevates the water at z and n; so that 
the sun raises the water where the moon depresses it, and 
depresses the water where the moon raises it ; consequently 
the tides are formed only by the difference between the 
attractive force of the sun and moon. — The waters at z andN. 
'will be more elevated than the waters at d and a, because the 
moon's attractive force is four* times that of the sun. 

Theorem VI. The spring-tides do not happen exactly on 
the day of the change or full moon, nor the neap-tides 
exactly on the days of the quarters^ but a day or two 
afterwards. 

When the attractions of the sun and moon have con- 
spired together for a considerable time, the motion impressed 
pn the waters will be retained for some time after their 
attractive forces cease, and consequently the tide will con- 
tinue to rise. In like manner at the quarters, the tide will 
be the lowest when the moon's attraction has been lessened 
by the sun's for several days together. — If the action of the 
siin and moon were suddenly to cease, the tides would con- 
tinue their course for some time, as the waves of the sea 
continue to be agitated after a storm. 



• Sir Isaac Newton, Cor. S. Prop. XXXVII. Book III., Principia, 
makes the force of the moon to that of the sun, in raising the waters of 
the ocean, as 4*4815 to 1 : and in Corol. 1. of the same proposition, he 
calculates the height of the solar tide to be 2 feet 0^ inch, the lunar tide 
9 feet Ij inch, and by their joint attraction 11 feet 2 inches; when the 
moon is in perigee the joint forces of the sun and moon will raise the 
tides upwards of IS^ feet. — Sir Isaac Newton*s measures are in French 
feet in the Principia. I have turned them into English feet. 

Mr. Emerson, in his Fluxions, Section III. Prob. 25., calculates the 
greatest height of the solar tide to be 1*63 feet, the lunar tide 7*28 feet, 
and by their joint attraction 8*91 feet, making the force of the sun to 
that of the moon as 1 to 4*4815. 

Dr. Horsley, the late bishop of St. Asaph, estimates the force of the 
moon to that of the sun as 5*0469 to 1. See his edition of the Principia, 
lib. 3. sect. 3. Prop. XXXVI. and XXXVII. 

Mr. Walker, in Lect.41th of his Familiar Philosophy, states the influ- 
ence of the sun to be to the influence of the moon to raise the water, as 3 
is to 10, and their joint force 13. 
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Theobem VII. When the moon is nearest to the earthy or 
in Perigee, the tides increase more than in similar circuM' 
stances at other time^. 

For the power of attraction increases as the square of 
the distance of the moon from the earth decreases ; con* 
seqoently the moon must attract most when she is nearest to 
the earth. ~ 

Theorem VUL The spring tides are greater a short time ' 
before the vernal equinox, and after the atUumnal equinox^ 
viz, about the latter end of March and September, than at 
any other time of the year, (Plate III. Figure 3.) 

Because the sun and moon will then act upon the equator 
in the direction a/B, consequently the spheroidal figure of 
the tides will then revolve round its longer axis, and describe 
a greater circle than at any other time of the year ;' and as 
this great circle is described in the same time that a less 
circle is described, the waters will be thrown more forcibly 
against the shores in the former circumstances than in the 
latter. 

Theorem IX. Lakes are not subject to tides ; and smaU 
inland seas, such as the Mediterranean ondBaltic, are 
Utde subject to tides. In very high latitudes no^ or south ^ 
the tides are also inconsiderable. 

The lakes are so small, that when the moon is vertical she 
attracts every part of them alike. The Mediterranean and 
Baltic seas have very small elevations, because the inlets 
by which they communicate with the ocean are so narrow, 
that they cannot, in so 6hort a time, receive or discharge 
enough to raise or lower their surfaces sensibly.* 

Theorem X. The time and height of the tides may be very 
differerU according to the situations of places. 

In some places, the tide-wave, rushing up a narrow chan- 
nel, is suddenly raised to an extraordinary height. At 
Annapolis, in the Bay of Fundy, it rises 120 feet Even at 
Bristol, the difference of high and low water occasionally 
amounts to 50 feetf 

* The rise of water in the Mediterranean is found to be earlier by 
four hours on the Barbary than en the Spanish side, 
t At Dover the tide rises about 25 feet, and at St. Maloes, on the coast 
' w 5 
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Genesal Observations. 

The uew and full moon spring-^des rise to different 
heights. 

The ^lorning tides differ generally in their ri^ from the 
evening tides. 

In winter the morning tides are highest. 

In summer the evening tides are highest. 

The tides follow, or flow towards the course of the mooo^ 
when thej meet with no impediment. Thus the tide on the 
coast of Norway flows to the south (towards the course of 
the moon) ; from the North-cape, in Norway, to the Naze at , 
the entrance of the Scaggerac, or Cattegat Sea, where it 
meets with the current which sets constantly out of the 
Baltic Sea, and consequently prevents any tide rising in the 
Scaggerac The tide proceeds to the southward, along the 
east coast of Great Britain, supplying the ports successively 
with high water, beginning first on the coast of Scotland. 
Thus it is high water at Tynemouth Bar, at the time of new 
and full moon; about three hours after the time of high water 
at Aberdeen; it is high water at Spurn-head about two 
hoars after the time of high water at Tynemouth Bar ; in an 
hour more it rams down the Humber, and makes high water 
' at Eingston-upon-HuU ; it is about three hours running 
from Spurn -head to Yarmouth Road ; one hour in running 
from Yarmouth Road to Yarmouth Pier ; two hours and a 
half running from Yarmouth Boad to Harwich ; one hour and 
a half in passing from Harwich to the Nore : from whence 
it proceeds up the Thames to Gravesend and London.* 

of Normandy, about 50 feet At the Friendly Islands, near the middle 
of the Southern Ocean, the difierence between high and ]ow water does 
«ot exceed two or three fketi. The usual rise iu the middle of the ocean 
is rarely above three or four feet. In explanation of these differences, 
Dr. Traill has justly remarked, that the phenomena of the tides accord 
w«ll with the theory in tiie open, sea ; but in the vicinity of ]aad, amongst 
numerous islands, or in deep inland basins, their regularity is affected by 
various causes, -^ as the occurrence of strong gales in particular direc- 
tions, the form of points of land, banks, and dhoals, and the mechanical 
iBfluence of narrow channels. It is worthy of remark that, although the 
times of high and low tide may thus differ at difi&rent places, these dif- 
ferences are periodical, and are comprised within extremes which easily 
admit of calculation. 

* The tides of the German Ocean take twelve hours to reach London 
Bridge : hence when it ik high water at the latter place, a new tide is 
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From the Nore the tide continues to flow southward to the 
Downs and Groodwin Sands, between the North and South 
Forehmd, in Kent, where it meets the tide which flows out 
of the English Channel, through the Strait of Dover. 

While the tide, or high water, is thus gliding to the south- 
ward, along the eastern coast of Great Britain, it also sets 
to the southward, along the western coasts of Scotland and 
Ireland ; but, on account of the obstructions it meets with 
from the Western Islands of Scotland, and the narrow pas- 
sage between the north-east of Ireland and the south-west of 
Scotland, the tide in the Irish Sea comes round by the south 
of Ireland, through St. George's Channel, &d runs in a 
north.i«asterl7 direction till it meets the tide between Scot- 
land and Ireland, at the north-west part of the Isle of Man. 
This may be naturally inferred from its being high water at 
Waterford above three hours before it is high water at 
Dublin, and it is high water at Dundalk Bay and the Isle of 
Man nearly at the same time. That the tide continues its 
course southward may be inferred from its being high water 
at IJshant, opposite to Brest, in France, about an hour after 
the time of high water at Cape Clear, on the southern coast 
of Ireland. Between the Lizard Point, in Cornwall, and the 
island of Ushant, the tide flows eastward, or east-north-east, 
up the English Channel, along the coasts of England and 
fVance, and so on through the Strait of Dover, till it comes 
to the Goodwin Sands or Gralloper, where it meets the tide 
on the eastern coast of England, as has been observed before. 
The meeting of these two tides contributes greatly towards 
sending a powerful tide up the river Thames to London ; 
and, when the natural course of these two tides has been in- 
terrupted by a sudden change of the wind, so as to accelerate 
the tide which it had before retarded, and to drive back 
that tide which had before been driven forward by the wind, 
this cause has been known to produce twice high water in 
the OQurse of three or four hours.* The above account of the 

ooimnenciiig in the former. Thus it is high water at the Nore and at 
Londoxi Bridge at the same time, and it is low water between these two 

places. 

♦ In narrow rivers with wide mouths the tides are frequently very 
high, and rise suddenly. This is owing to the narrow channel preventing 
the free entrance of the water: the tide then accumulates and forms a dan- 
gerous bank of water. In the Severn the head of the tide is said to reach 
sometimes ten fbet. The rivers of Scotland are subject to these acon- 
mulations. 

r 6 
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British tides seems to be opposed to the general theory of the 
motion of the tides, which ought always to follow the moon, 
and flow from east to west ; but to allow the tides their full 
motion, the ocean in which they are produced ought to ex- 
tend from east to west at least 90 degrees, or 6255 English 
miles ; because that is the distance between the placea where 
the water is the most raised and depressed by the moon. 
Hence it appears that it is only in the great oceans that the 
tide can flow regularly from east to west ; and hence we 
also see why the tides in the Pacific Ocean exceed those in 
the Atlantic, and why the tides in the torrid zone, between 
Africa and America, though nearly under the moon, do not 
rise so high as in the temperate zones northward and south- 
ward, where the ocean is considerably wider. The tides in 
the Atlantic, in the torrid zone, flow from east to west, till 
they are stopped by the continent of America; and the trade 
winds likewise continue to blow in that direction. When 
the action of the moon upon the waters has in some degree 
ceased, the force of the trade winds, in a great measure, pre- 
vents their return towards the African shores. The waters 
thus accumulated* in the Gulf of Mexico return to the 
Atlantic, between the island of Cuba, the Bahama islands, 
and East Florida ; and, aided by the eflect of a high tem- 
perature, form that remarkably strong current called the 
Gulf Stream. This proceeds in a course northwards and 
eastwards, until it meets the great oceanic current from the 
northern seas.f 



Chapter Vn. 

Of the natural Changes of the Earth, Of Mountains, Volcor 
noes, and Earthquakes, Of Thermal Springs, 

The highest mountains in the New World are the Andes f, 
in South America, which extend nearly 4300 miles in 

* To shov that an accumulation of water does take place in the Oulf 
of Mexico, a survey was made across the Isthmus of Darien ; when the 
water on the Atlantic was found to be fourteen feet higher than the 
water on the Pacific side. Walker's Familiar Philosophy, Lecture xi. 

f The Gulf Stream is known to navigators by the waters having a 
temperature from 6^ to 8^ higher than those of the open £ea. See p. 91. 

\ The Himmaleh or Himalaya mountains (the abode of enotc) exceed 
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length, from the province of Quito to the strait of Magelr 
Ian; the highest, called Nevada de Sorata, in Bolivia, or 
Upper Peru, is said to he 25,250 feet, or nearly five miles 
above the level of the sea. The next highest of these 
mountains is Illimani, Peru ; the summit of which exceeds 
24,200 feet. Chimborazo, which was formerly supposed to 
be the highest of the Andes, is only 21,420 feet ; ^000 of 
which, from the summit, are always covered 'with snow. 
From experiments made with a barometer* on the mountain 
Cotopaxi, another part of the Andes, it appeared that its 

in height the Andes, or any other mountains on the fkce of the globe.. 
The highest mountain in the world is Dhawalagiri, one of the Himalaya 
mountains, north of Hindostan : — its most elevated summit is said to 
be about 28,000 feet. The next highest is Chamalari, which is 27,200 
feet above the level of the sea. ^They are covered with perpetual snow 
12,000 feet from the summit. The following is a list of the altitudes 
of a few of the most elevated mountains in the world : — 



Mountains. 


Situation, 


Feet. 


1. Dbawalagiri (HiimoZaya), N. of Hindostan - 


- 28,000 


2. Chamalari (ditto) 


ditto 


- 27,200 


S. Hindoo Koosh 


ditto 


- 20,000 


4. Nevada de Sorata (Andes) Bolivia, Peru 


- 25,250 


5. Illimani (ditto) - 


ditto 


- 24,200 


6. Chimborazo (ditto) 


ditto 


- 21,420 


7. Cotopaxi (ditto) - 


Colombia 

IN KUROPZ. 


- 18,890 


Chains of, 


Loftiest Mountain. 


Feet. 


1. Alps - - - 


Mont Blanc 


- 15,810 


2. Pyrenees 


Pic Nethou 


- 11,168 


S. Carpathian - 


Lomnitz ... 


- 8,779 


4. Turkey 


Tchar Dagh 


- 10,000 


5. Greece 


Guiona . » • 


- 8,239 


6. Apennines • 


Monte Corvo 


. 9,523 


7. S<indinavian 


Snae Halten 


- 8,122 


8. Spain and Portugal 


Cerro Mulha9en, Spain . 


- 11,600 


9. France 


Pic de Soucy 


- 6,223' 


10. Germany 


Riesen Gebirge - 


- 5,000 


11. Scotland 


Ben Nevis 


. 4,368 


1 2. England and Wales 


Snowdon 


- 3,571 


13. Ireland 


Cam Tual 


- 3,410 



* The quicksilver in a barometer fiills about 1 -tenth of an inch for 
every 32 yar^s of height ; so that if the quicksilver descend 3-tenths of an 
inch, in ascending a hill, the perpendicular height of that hill will be 96 
yards. This method is liable to error See the Causes which affect 
the Accuracy of Barometrical Experiments, in the Edinburgh Philo- 
aophical Transactions, by Mr. Play fair; also in Keith's Trigonometry, 
fourth edition, p. 97. 
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summit is elevated 6252 yards, or upwards of 3^ miles* The 
Peak of Teneriffe, in the island of that name, is 12,i82 feet, 
or upwards of two miles high. Mont Blanc, the highest 
mountain in Europe, is 15,810 feet above the level of the 
sea. These irregularities, although verj considerable with 
respect to us, are nothing when compared with the magni- 
tude of «the globe. Thus, if an inch were divided into one 
hundred and eleven parts, the elevation of Chimborazo, on a 
globe of eighteen inches in diameter, would be represented 
by one* of these parts. 

Hence the earth, which appears to be crossed by the 
enormous height of mountains, and cut by the valleys and 
the great depth of the sea, is nevertheless, with respect to its 
magnitude, only very slightly furrowed with irregularities^ 
so trifling indeed as to cause no difference in its figure. 

The more remarkable changes which the surface of the 
earth has undergone may be reduced to two general causes, 
floods and earthquakes. 

Floods. The real or fabulous deluges mentioned by the ancients may 
be reduced to six or seven, and though some authors have endeavoured 
to represent them all as imperfect traditions of the universal deluge 
recorded in the sacred writings, the Abb^ Mannf, from whom the fol- 
lowing observations are extracted, does not doubt but that they refer to 
various real and distinct events of the kind.| 

1. The submersion of the Atlantis of Plato probably was the real sub- 
sidence of a great island stretdiing from the Canaries to the Azores, of 
whifih those groups of swall islands are tlie relics. 

3. The deluge in the time of Cadmus and Dardanus, placed by the 
best chronologists in the year before Christ 1477, is said by Diodorus 
Siculws to- have inundated Samotbraoe, and the Asiatic shores of the 
Buxine Sea. 

S. The deluge of Deucalion, which the Arundelian marbles §, or the 
Parian chronicles, fix at 1529 years before Christ, overwhelmed Thessaly. 

* For a view of the comparative elevation of these mount»ns see 
Plate VIII. 

t Vide Nouveaux M^moires de TAcademie Imp^riale et Royale de 
Sciences et des Belles Lettres,de Brussels, tome premier, 1788. 

{ M. Biot has discovered, in the annals of the Chinese^ historic evi- 
dences of two great driuges, the most recent of which they place as &r 
back as the 2Sd century before our era. 

§ Ancient stones, whereon is inscribed a chronicle of the city of 
Athens, engraven in capital letters, in the island of Paros, one of tb« 
Cyclades, 264 years before Christ. They take their name from Thomas, 
Earl of Arundel, who procured them from the East. They were 
presented to the University of Oxford in the year 1667, by the Hon* 
Henry Howard, afterwardU Duke of Norfolk, grandson to the fint coU 
lector of them. 
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4. The deluge of Ogygesy placed by Acusilaus in the year answe 
to 1796 before Christ, laid waste Attica and Boeotia. With the poe 
and fiibulous accounts of Deucalion's flood are mingled several circ 
stances of the uniTersal deluge ; but the best writers attest the loo 
and distinctness, both of the flood of Deucalion and Ogyges. 

5. Diodorus Siculus, after Manetho, mention a flood which ii 
dated all Egypt in the reign of Osiris ; but, in the relations of 
event, are several circumstances resembling the history of Noah's floo 

6. The account given by Berosus the Chaldean of an universal de 
in the reign of Xisuthrus evidently relates to the same event as the i 
ofNoah. ^ 

7. The Persian GKiebres, the Brahmins, Chinese, and Ameri< 
have also their traditions of an universal deluge. The account of 
dduge in the Koran has this remarkable circumstance, that the wi 
vbieh covered the ealrth are represented as proceeding from the boi 
over of the caldron *, or oven, Tannourj within the bowels of the ea 
and that, when the waters subsided, they were swallowed up agair 
fhe earth. 

The abb^ next gives a summary of the Scripture account of N< 
flood, and points out very clearly that part of the waters came from 
atmosphere, and part from under ground agreeably to the 1 1th vers 
the 7th chapter of Genesis. 

Eakthqitakes are another great cause of the dianges made in 
earth. From history we have numerous instances of the dreadfiil eC 
of these terrible phenomena. Pliny has not only recorded several 
traordinary phenomena which happened in his own time, but has like 
borrowed many others from the writings of more ancient nations. 

1. A city of the Lacedemonians was destroyed by an earthquake, 
its ruins wholly buried by the mountain Taygetus falling down i 

them.t 

4. In the books of the Tuscan learning, an earthquake ia reeor 
vhieh happened within the territory of Modena, when L. Martius 
Sb Julius were consuls, which repeatedly dashed two hills against ' 
other ; with this conflict all the villages and many cattle were destro 

5. The greatest earthquake mentioned in history was that w 
happened during the reigii of Tiberius Caesar, when twelve cities of 
were laid level in one night, f 

4. The eruption of Vesuvius, in the year 79 §, orerwhelmed the 
fiUBous cities of Herculaneum y and Pompeii, by a shower of tU 



* Thu circumstance is mentioned here, because it agrees with 
Whitehurst's Theory of the Earth ; he supposes the flood was occasii 
by the expansive force of fire generated at the centre of the earth. 

f Pliny's Natural History, chap. 79. 

\ Pliny, chap. 84. 

§ Pliny lost his life by this eruption. He was sufibcated in cc 
quence of his having approached too near to the mountain. 

P This city was discovered in the year 1 736, eighty fyet below 
sur&ce of the earth ; and many of the streets of Pompeii have since 
^UseoveredL 
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cinders, ashes, and fine volcanic sand. The buildings of Pompeii were 
totally covered by them to the depth of many feet. Herculaneum is 
situated about four miles from the crater, and Pompeii about six. 

By the violence of this eruption, ashes were carried over the Medi- 
terranean Sea into Africa, Egypt, and Syria : and at Rome they dark- 
ened the air on a sudden, so as to hide the face of the sun. * 

5. In the year 1533, large pieces of rock were thrown to the distance 
of fifteen miles, by the volcano Cotopaxi in Peru, f 
' 6. On the 29th of September, 1535, previous to an eruption near 
Pouzzuoli, which formed a new mountain of three miles in circumference, 
and upwards of 1200 feet perpendicular height, the earth frequently 
shpok, and the plain lying between the lake Averno, mount Barbaro, and 
the sea was raised a little ; at the same time the sea, which was near the 
plain, retired two hundred paces from the shore.| 

7. In the year 1538, a subterranean fire burst open the earth near 
Pouzzuoli, and threw such a vast quantity of ashes and pumice stones* 
mixed with water, as covered the whole country, and thus fonned a new; 
mountain, not less than three miles in circumference, and near a quarter 
of a mile perpendicular height. Some of the ashes of this volcano reached 
the vale of Diana, and some parts of Calabria, which are more than one 
hundred and fifty miles from Pouzzuoli. § 

8. In the year 1538, the famous town called St. Euphemia, in Cala- 
bria Ulterior, situated at the side of the bay imder the jurisdiction of the 
knights of Malta, was totally swallowed up with all its inhabitants, and 
nothing appeared but a fetid lake in the place oX it. || 

9. A mountain in Java, not far from the town of Panacura, in the 
year 1586, was completely levelled by a violent eruption, whereby ten 
thousand people perished in the underland fields. ^ 

10. In the year 1600, an earthquake happened at Arquepa, in Peru^ 
accompanied with an irruption of sand and ashes, which continued 
during the space of twenty days, from a volcano breaking forth ; the 
ashes falling in many places above a yard thick, and in some places more 
than two, and where least, above a quarter of a yard deep, which buried 
the com grounds of maize and wheat. The boughs of trees were broken, 
and the cattle died for want of pasture ; for the sand and ashes thus 
erupted covered the fields ninety miles one way, and one hundred and 
twenty another way. During the eruption, thunder and lightning were 
iieard and seen ninety miles round Arquepa, and it was so dark whilst 
the showers of ashes and sand lasted, that the inhabitants were obliged to 
burn candles at mid-day. • • 

11. On the 1 6th of June, 1628, there was so teriible an earthquake 
in the island of St. Michael, one of the Az9res, that the sea near it 
opened, and in one place where it was one hundred and sixty fiEtthonui 

• Bumet*s Sacred History, vol. ii. p. 85. 

f Ulloa's Voyage to Peru, vol. L p. 324. 

\ Sir William Hamilton's Observations on Vesuvius. 

§ Ibid. p. 128. 

jl Dr. Hooke's Post. p. 306. 

\ Varenius*s Geography, vol. i. p. 150. 

••Dr. Hooke's Post p. 304. 
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deep, threw up an island ; which in fifteen days was three leagues long, a 
league and a half broad, and 360 feet above the water.* 

18. In the year 16S1 vast quantities of boiling water flowed from 
tiie crater of Vesuvius previous to an irruption of fire ; the violence of 
the flood swept away several towns and villages, and some thousands of 
ii^bitants.'l' 

13.- In the year 1632, rocks were thrown to the distance of three miles 
from Vesuvius, f 

14. In the year 1646, many of those vast mountains the Andes § were 
quite swallowed up and lost || 

15. In the year 1692, a great part of Port Royal in Jamaica was 
sunk by an earthquake, ahd remains covered with water several fatlioms 
deep ; some mountains along the rivers were joined together, and a plan- 
tation was removed half a mile from the place where it formerly stood, f 

16. On the Ilth of January, 1693, a great earthquake happened in 
l^cily, and chiefly about Catania; the violent shaking of the earth 
threatened the whole island with entire desolation. The earth opened in 
several places in very long cl^ts, some three or four inches broad, others 
Uke great gulfe. Not less than 59,969 persons were destroyed by the 
&lling of houses in different parts of Sicily.** 

17. In the year 1699, seven bills were sunk by an earthquake in the 
island of Java, near the head of the great Batavian river, and nine more 
vere also sunk near the Tangarang river. Between the Batavian and 
Tangarang rivers, the land was rent and divided asunder, with great 
eiefts more than a foot wide, f f 

18. On the 20th of November, 1720, a subterraneous fire burst out of 
the sea near Tercera, one of the Azores, which threw up such a vast 
quantity of stones, &c. in the space of thirty days, as formed an island 
about two leagues in diameter and nearly circular. Prodigious quan- 
tities of pumice-stone, and dead fish, were found floating on the sea for 
many leagues round the island. |^ 

'19. In the year 1746, Callao, a considerable garrison town and sea- 
port in Peru, containing 5000 inhabitants, was violently shaken by an 
earthquake on the 28th of October ; and the people had no sooner b^gun 
to recover from the terror occasioned by the dreadful convulsion, thaii 
the sea rolled in upon them in mountainous waves, and destroyed the 
whole town. The elevation of this extraordinary tide was such as con- 
veyed ships of burden over the garrison walls, the towers, and the town. 



* Sir W. Hamilton's Observations on Vesuvius and Etna, p. 159. 

Ibid. 

Baddam*s Abridg. Phil. Trans, vol. ii. p. 417. 

M. Condaraine represents these mountains and the Apennines as 
cbuns of volcanoes. See his Tour through Italy, 1755. 
II Dr. Hooke's Post p. 306. 
^ Low thorp's Abridg. Phil. Trans, vol. ii. p. 417. 
•• Ibid. vol. ii. pp. 408, 409. 
ft Ibid. vol. ii. p. 419. 
\\ Eames's Abridg. PhiL Trans, vol. vi. part ii. page 203. 
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The town was raaed to the ground, and so completely covered with i 
gravel, &c. that not a vestige of it remained.* 

SO. The &cts connected with the great earthquake of Lisbon, whiol 
eurred on the 1st of November, 1755, were aecuratdy observed, am 
following account of this terrific convulsion of nature is given by 
lessor Johnston. *< Suddenly a sound like subterranean thunder 
heard ; this was immediately succeeded by a violent shodL, which 
molished the greater part of the city, and in the course of sisc mi 
6OJ0O0 persons perished. The movemfmt of the earthquake was 
dulatory, and it was calculated that it traveHed at the rate of tm 
miles a minute. A space more than four tinies the extent of Europ 
Dearly one-twelfUi of the superficial area of the globe, was shake 
this earthquake, which had for the axis of its shock, a line exten 
irom Mogadore on the coast of Morocco, along the west coast of Port 
to Cork in the south of Ireland, From Lisbon, the central poini 
line of devastation extended northwards to Oporto, and souths 
to AyamoQte, where the Guadiana falls into the Bay of Cadif. Vf 
this entire space, the sea, fearfully agitated by the concussion of its 
caused the greatest destruction. At Cadiz a wave sixty feet high i 
over the land ; and at Lisbon the sea rose fifty feet above its usual 1 
At Kinsale in Ireland, the sea rolled into the harbour, and overfl< 
the market-place ; and at Funchal in Madeira, it rose to fifteen 
above the highest water-mark. Tlie space within which this earthq 
was observed on land ejitended in an elliptical form from the isla 
Madeira to Abo in Finland ; and from Scotland to Sardinia. In 
land, the water in Loch Lomond, Loch Katrine^ Loch Long, and ■ 
Ness, was observed to rise and &U repeatedly, to an extent of t\ 
three feet ; and this movement of the surface of the water was espe« 
observable in the lakes of Germany, Switzerland, and France, as w 
in those of Scandinavia* The agitation of the waves of the sea extc 
even to the West Indies, where the islands of Antigua, Barbadoes, 
daloupe and Martinique were overflowed ; and a ship forty leagu 
the west of St. Vincent suffered a violent shock. At the same tiqi 
unusual movement was observed on the surface of the Lake Ontai 
North America.! The concussion assumed the form of an elUp 



* In 1842 Hayti (St. Domingo) was visited by an earthquake 
destroyed ten thousand of its inhabitants. 

f The earthquake which desolated Calabria in the year 1783 was 
to 100,000 persons. The shocks began on the 5th February, and 
tinued at intervals, with difierent degrees of violence, for more th^n 
months, and were felt over an area of 500 miles. It destroyed 
towns and villages occupying a circuit of nearly 50 miles in dian 
lying between 38 and 39 degrees of latitude, and extending almost 
the western to the eastern coast of the southernmost part of Italy, b 
doing considerable damage to places more remote from its origin, wh 
supposed to have been either immediately under the town of Oppii 
under some part of the sea between the west of Italy and the vol 
island of StromboIL Both this island and Mount Etna exhibits 
pearances of eruption during the continuance of this scene of exU 
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which the longest diameter cfaaraoterised by the destruotion which was 
produced in its course, extended over three hundred miles. The space 
over which the shock was perceptibly felt extended to 2700 miles, and 
the area of vibration, or the greatest extent over which water was ob- 
KTved to oscillate at the surface, extended to about 4000 miles 1" 
21. The greatest eruption of Vesuvius happened in July, 1794*, being 



devastation, previous to which nether of them had smoked so much as 
HsuaL 

* Several eruptions of Mount Vesuvius have occurred duriog the 
present century, some of the principal effects of which have been to pro- 
duee considerable changes in and about the crater. In an eruption 
which commenced on the 23d and terminated on the 26th of December, 
1817, two or three small conical hillocks, the one of which stood near 
the eastern edge, and the other upon the western ridge, of the crater,, 
were entirely swallowed up, and the recent lava disposed itself in the 
iMnner of a wall, fortifying, as it were, the ancient crater upcm the 
etttem and western sides ; convex and very irregular upon the north and 
south. Of this wall, the whole of whiclT was extremely hot, and ap- 
parently inpandescent in the interior, some parts were quite even and 
regular. Upon the south, a very g^itly inclined plane was produced, 
cofered with fine sand ; the former edge of the crater about this part 
having been entirely destroyed. By the eruption of 1822 very great 
dianges were again effected in the crater of this mountain, which for a 
century past had been gradually filling up by lava boiling up from be- 
neath, as well as by scoriae felling from the ^cplosions of smaller mouths, 
which were formed at intervals on its base and sides, thus giving it some- 
thing of the appearance of an enclosed rocky plain, covered with blocks 
of lava and cinders, and traversed by numerous fissures, from whi^ 
douds of vapour were continually rising. By the violent explosions 
which took place during this eruption, which began in October, and 
tasted upwards of twenty days, the whole of this accumulated mass was 
entirely broken up and thrown out, leaving an immense chasm of an 
irregular shape, somewhat elliptical, about three miles in circumference. 
Emptions occurred in the years 1822, 1828, 1831, and 1832. [A short 
time after the great eruption of 1 828 (in March, 1829), the writer ascended 
Vesuvius, while it was still in action, care being taken to make the ascent 
on the windward side. The crater then had a circumference of about 
two miles, and it was 700 feet in depth, the sides being in some places 
almost perpendicular. The edge of the crater was in some parts a sharp 
inaccessible ridge ; in other places it had a sloping breadth of from five 
to fifteen feet. The bottom consisted of hard and firm lavi^ still retain- 
ing so much heat as to bum the snoes. It was traversed at intervals by 
long cracks or fissures, some of them three feet wide, and through these 
a b«i of red hot lava might be seen rolling in a molten state, at no great 
depth below. In the centre of the area was a small cone, out of which 
large masses of lava were ^ected at intervals. These were thrown up- 
wards in sheets with considerable velocity, rising to the height of from 
700 to 1000 feet, assuming the form of black flaky masses, in the midst 
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the most Tiolent and destructive of any mentioned in history, except 
those in 79 and 16S1. The lava covered and totally destroyed 5000 
sores of rich vineyards and cultivated lands; and overwhelmed the town 
of Torre del Greco: the inhabitants, amounting to 18,000, fortunately 
escaped ; and the town is now rebuilt on the lava that covers their 
former habitations. [The lava retained its plastic condition while flowing 
through the town. It filled the houses, and poured out of the upper 
windows. The current in passing down the sides of^ the mountain 
caused the destruction of a forest, the trees being burnt wherever they 
were exposed to air, but the trunks remained in the midst of the lava as 
masses of charcoal. The current which destroyed Torre del Greco had a 
length of 23,000 feet ; and, according to the calculation of the Neapolitan 
academicians, it contained 46,098,766 cubic feet of solid lava. 

In traversing the houses the molten lava converted the whole of the 
glass utensils into what is called Reaumur's porcelain, a substance 
resembling stone ware. All domestic utensils of brass underwent a 
remarkable change, being fused and decomposed ; the copper being con- 
verted to sulphuret and blue carbonate, and the zinc to sulphate. Several 
brass candlesticks thus changed are shown to visitors at the museum of 
Portici. The danger had been for some time impending : the current 
slowly descended upon the town, spreading in its descent, and no human 



of the white smoke : when they fell on the lava below, they splashed Vke 
pasty substances, and were evidently red hot within. An eruption of 
this kind took place at intervals of two or three minutes, and it was pre* 
ceded by a deep rumbling sound in the earth, and a trembling of the 
whole mountain, so that the landscape of the country beneath appeared 
to be in a kind of vibratory motion. Some portions of the lava, weigh- 
ing probably twenty and thirty pounds, traversed the air with such 
velocity that they appeared more like dust or feathers impelled by some 
extraordinary force, than heavy masses of stony matter. The inner walls 
of the crater, for many thousand square yards, were covered with layers 
of sal ammoniac, sulphur, sulphates, and sulphurets, presenting the ap- 
pearance of variegated zones of a white, yellow, blue, and green colour. 
A change of wind would have rendered the position of a spectator dan- 
gerous, as the gases evolved from the crater were of a most poison- 
ous kind. The writer recognised among them the sulphurous acid, 
pauriatic acid, and sulphuretted hydrogen gases. In descending the 
mountain, a large mass of lava was pointed out by the guide as having 
been ejected in 1822 : it measured 36 feet in circumference.] On the 
morning of January 1st, 1839, Vesuvius again burst forth with an ex- 
plosion liktf the report of a cannon, and a dense cloud of smoke and 
ashes soon covered Naples. On the evening of the 2d, the mountain 
emitted flames, and the lava flowed down between Portici and Torre del 
Greco, committing great ravages. [There are about sixty erupticHis of 
Ctna on record, and many more of Vesuvius. Vesuvius was not known 
as a volcano until the reign of Titus; although the buildings of Pompeii 
were constructed of lava, and the streets were paved with it I Stromboli 
is always in action, and has been so since 300 b. c] 
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pover could avert the catastrophe. The flow of lava was only stopped 
by reaching the sea. 

The hermit's house, which is built upon a peak in a valley, at the 
elevation of 2000 feet, was completely surrounded by the melted lava, 
the current being split by the promontory, and passing on each side so 
as to congipletely enclose it. The lava soon cooled on the outside, but it 
retained its heat for a considerable period within. The writer saw from 
the summit of Vesuvius in 1829 the remains of this great current of 
lava, which led to such destruction. It was spread in a vast sheet down 
the side of the mountain. The rough projecting masses gave it the 
appearance of a black sea, the waves of which had become suddenly 
petrified.] 

22. Volcanoes. Volcanoes are spread over the whole 
of the earth. They appear to be fiery vents in the superficial 
crust, through which vast masses of igneous rocks are raised 
from the interior and poured out upon the surface of the 
globe. At the present time it is calculated that there are 
270 volcanoes in a state of activity, of which no less than 
190 are on the islands or around the shores of the Pacific 
Ocean. They rise up through the sea as well as on land, 
although in general they are either insular or littoral, — in 
the midst of eternal ice, as Mount Erebus, in latitude 7.5° 
South, which is 12,400 feet in elevation*, or under the 
equator, as Cotopaxi, which reaches nearly 19,000 feet above 
the sea-l^veLf From the similarity of the phenomena which 
accompany their eruptions, and the nature of the substances 
ejected, it is evident that they must proceed from one comr 
mon source ; and there is every reason to believe that they 
have some general connection below the superficial crust of 
the globe. Thej appear to demonstrate the existence within 
the interior, of a full red heat, extending from the equator 
to the poles. 

23. Causes op Volcanic Eruptions. Various hypotheses 
have been brought forward to account for the phenomena of 
volcanic eruptions. That these fiery mountains have been 
in action since the first creation of the earth is undoubted, 
as extinct volcanoes are found scattered largely over its sur- 
face. The most probable opinion is that the phenomena are 

* This volcano, which is covered from its base to its summit with 
perpetual snow, was discovered by Sir James Ross in 1841. On the 
28th January, it was observed to project a column of smoke and ashes 
to the height of 2000 feet. The column had a diameter of between two 
aod three hundred feet 1 

f No volcanoes are known to exist in Africa. 
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due to the heat which is supposed to exist within the interior 
of the glohe ; and that at a certain depth below the snrfkce, 
the earthy and metallic constituents are constantly in a 
molten state. In all eruptions there is a most abundant 
extrication of gaseous matter, consisting of aqueous vapour^ 
muriatic acid, and other gases : when these can find no vent 
through the cracks or the fissures by which volcano€i3 com* 
municate with the subjacent strata, they accumulate until 
their elastic force is sufficient to overcome the resistance ; 
and they then either burst through the crater, carrying 
before them masses of rock and melted lava, or through the 
side of the mountain, destroying the old, and forming a new 
crater. The aperture of exit is always formed where there 
is the least resistance. The force with which large stones 
are ejected <5annot be compared with any of the forces with 
which we are acquainted. Some masses of large siz^ ob* 
served by Sir William Hamilton, were carried upwards of 
2000 feet into the air during an eruption of Vesuvius.* In- 
dependently of these stones, the red heat of which is plainly 
perceptible in the darkness of night, a fine ash or dust 
(lapilli) is carried up to a great elevation in the midst of the 
aqueous vapour, and is then drifted to considerable distances 
by means of the upper current of air into which it passes. In 
this way the whole kingdom of Naples has been more or less 
covered by the dust of Vesuvius. In the eruption of Hecla, 
21st September, 1845, the fall of ashes extended to the 
Orkney Islands, a distance of nearly seven hundred miles. 

The lava when examined consists of compounds of potas- 
sium, sodium, iron, titanium and aluminum : and on this fact 
the chemical theory of volcanic action has been based. Most 
active volcanoes are situated on islands, or on continents in 
the vicinity of the sea. The late Sir H. Davy advocated the 
opinion that some miles below the earth's surface, the strata 
were composed of the alkaligenous ttietals in a pure state, — 
that CBacks or fissures formed in the earth allowed vast quan- 
tities of water to have access to them ; and thence aarose an 



* The height is estimated by the time which the stones occupy in 
fidlii^. It is B most extraordinary spectacle to witness, on a dark nighl^ 
the projection from the crater of these red-hot masses of lava. In 1829 
they were plainly visible to the writer at a distance of four miles in the 
midst of a cloud of lurid smoke which surrounded the crater. 
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intense heat, adequate to produce fusion, and an abundant 
evolution of gas and vapour, which, when it had acquired 
saffident force, rent asunder the crater or sides of the vol- 
cano. In reference to tlus theory, Mr. Phillips very properly 
asks, what opens the fissures and gives passage to the 
water at the base of volcanic mountains ? To this might be 
added another question, which appears strongly adverse to 
this chemical hypothesis, namely. How is it that these highly 
elastic products do not escape through the fissures which 
allow the water to reach the metals, instead of lifting almost 
from its base an enormous mountain ? Some of the volca- 
noes of the Andes are one hundred and thirty, and one 
hnndred and fifty miles from the borders of the Pacific ; and 
in Central Asia the volcanoes of Thiouchan, or the Celestial 
Mountains, are 1500 miles from the nearest sea: hence it would 
be necessary to assume the existence of cracks or fissures of 
enormous extent, in order to render the hypothesis tenable! It 
is, however, palpably insufficient. Whatever force causes the 
supposed crack or fissure, would suffice to account for the 
phenomena of volcanoes. The most probable theory is, that 
their action is due to the interior heat of the earth, occasion- 
ally leading to the evolution of a large quantity of gaseous 
matter from unknown sources. When this cannot find a 
ready escape through the fiery vent, an eruption occurs, the 
molten mass of thb interior being poured out. 

The vesicular character of lava shows that the gaseous 
matter is diffused, probably by reason of the great pressure, 
throughout the whole of the stony mass. In lava deposited 
in hoUows, where it cannot fiow, the cells are more or less 
spherical. In the lava which has flowed in a current down 
the side of the mountain, the cells are always drawn into an 
elliptical form.* 

24. Causes of Earthquakes. Accompan3ring every vol- 



* It is worthy of remark, that before an eruption of Vesuvius takes 
plaee, many of the wells in the country round, become dry, and are 
filled with carbonic acid. This and other fatal gases are also poured 
out on the sides of the mountain, and lead to the destruction of many 
iHld animals. 

The celebrated poison valley of Java is an extinct volcanic crater, filled 
to a certain level leith carbonic acid. Those persons who visited it, as 
Irell as all animals that attempted to cross it, were destroyed ; not by 
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canic eruption, especially if it take place on a great scale, 
there,is a perceptible trembling of the earth : on the summit 
of the volcano it is felt as a vibratory motion. This un- 
doubtedly depends upon the effort made by the gases and 
vapours to escape from the obstruction offered by the molten 
substances by which the vent of the volcano is blocked up r 
for the rumbling noise and motion cease immedfately after 
the ejection, and there is an interval of quiet, until they 
have again collected in sufficient force to remove the lava. 

Earthquakes probably depend on the same causes as 
volcanic eruptions, i, e. the effect of the interior heat of the 
globe acting by gaseous matter upon the strata, which 
forms the superficial crust. This leads to the sudden rend- 
ing of the strata beneath, preceded by a rumbling noise, 
and violent explosions: and the shock then subsides. lu 
some cases the force is sufficiently strong, and sufficiently 
violent, to form large fissures in the earth, as in the Lisbon 
earthquake of 1755. By careful observations made in South 
America, Mr. Darwin ascertained that the subterranean 
force was relieved by an earthquake, precisely in the same 
manner as by a volcanic eruption. Although earthquakes 
are common in volcanic countries, still they occur in regions 
far removed from volcanoes ; and although they may depend 
on the same general cause, they appear to have no necessary 
connection with them. Earthquakes have been perceived 
in Great Britain, and other parts of Europe, and there has 



the fabulous poison tree, but by the invisible carbonic acid, into which 
they were obliged to plunge. 

The principal active volcanoes of Europe are — ' ' 



Names. 


Height, 


Date 


of last Eruption, 


Etna 


10874 feet 




1832. 


Vesuvius 


S948 — 




1846. 


Stromboli 


2^57 — 




Constant 


Hecla 


5110 — 




1845. 


Teneriffe 








Pico de Teyde 


12182 — 






Pico di Chaborra 


9886 — 




1798. 



The loftiest active volcano on the globe is Gualatieri, in the AndeSf 
Its peak reaches the height of 22,000 feet above the sea-level: 
next to this comes Antisana, about 1 9,000 feet. The loftiest extinct 
volcano (Mount Ararat) in the old world reaches 17,200 feet; while the 
loftiest active volcano is Kluitchewskiga, in central Asia, the peak of 
which reaches the elevation of 15,600 feet. 
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been no accordance between their occurrence and the re- 
corded emptions of the nearest volcanoes. 

The influence of an earthquake may be perceived over a 
large portion of the earth's surface, and the deeper the sub- 
terranean force, the greater the extent over which the undu- 
latory motion is likely to be felt. * No country can therefore 
be considered exempt from them. Many slight shocks have 
been perceived of late years at Comrie in Perthshire f ; and 
some have also been felt on the southern coast of England, 
bat their occurrence in the British isles, must be considered 
as an exceedingly rare event. Earthquakes are felt in the 
open ocean, as well as on land : and the feeling experienced 
by those on board of a vessel, is, as if the ship had grated 
with its keel upon a sunken rock. An English vessel, sailing 
from Liverpool to Bombay, experienced a shock of this kind, 
<m February 9th, 1835, (north latitude 0*^.57, and west longi- 
tude 23°. 19,) in the middle of the Atlantic Ocean, between 
the coast of Africa and South America. It seemed as if the 
keel passed over a coral reef, but, on sounding, no bottom 
was found at a depth of 120 fathoms ! 

Tbbrmai. Sfrings. — This name is applied to springs, the waters of which 
rise spontaneously, and have a high temperature ; they may be regarded 
•8 natural Artesian wells. Like volcanoes, thermal springs serve to indi- 
cate the existence of a high temperature within the interior of the earth. 
Some of these springs have a temperature approaching the boiling heat 
of water, but they vary for the most part from 60^ to 180°. Th^ hottest 
tpring in Great Britain is that of Bath, 117°; in Ireland, that of MaU 



* The gi^eat earthquake of Guadaloupe, in 1842, was felt over a space 
of from sixty to seventy miles in breadth, and three thousand miles in 
length. The effects of the Lisbon earthquake in 1755 were perceived 
over a still larger area. The most destructive earthquakes are generally 
those in which the shock is but momentary. During the great earth- 
quake of Caraccas, by which 10,000 lives were sacrificed, and a flourishing 
province reduced to ruins, three terrific shocks, each of which lasted 
from three to four seconds, followed each other within the space oi fifty 
Htondsi and the great earthquake of Lisbon lasted only about six 

uttnutes J 

t The shock, or succession, generally takes a rectilinear course. A 
white basin, half filled with treacle, serves to indicate the direction, by 
the alteration of the level of the liquid during the upheaving. This was 
employed at Comrie, and found to indicate a direction of the shock from 
north-east to south-west The nearest active volcano to Scotland is 
Hecla. The hill of Arthur's seat, the rocks of Stirling and Dumbarton, 
with the well marked basaltic columns of the isle of StaflTa, clearly point 
to the ancient operation of volcanoes in that country. 

O 
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loW) 72^. Sometimes it happens that cold springs are close to them ; 
but then they undoubtedly proceed from yery different depths. These 
singular anomalies are found in the Feejee Islands in the Pacific, and 
also at Baden Baden. In Great Britain, hot springs are observed to 
issue through points of displacement in the strata ; and Professor Forbes 
remarked that the numerous hot springs of the Pyrenees, generally pro- 
ceeded from the junction of stratified with unstratified rocks. In short, 
these springs are found to appear in those localities, where there exist 
natural cracks or fissures in the strata. 

It is not so easy to say by what force these thermal waters are brought 
to the surface of the earth. The theory of hydrostatic equilibrium will 
hardly explain the phenomenon ; for in some instances, the springs 
appear to issue far above the level of any source of water which, by its 
percolation through the earth, would suffice to account for their uninter- 
rupted How through the long course of ages. The temperature of the 
Leuker Spring in the Canton of the Valais in Switzerland, is 144^ ; and 
it issues from the earth at an elevation of 5000 feet above the level of 
the sea. This is near the region of eternal snow, and the writer is not 
aware that there is any source of water above the level of this tprin^^ 
adequate to its supply on the hydrostatic hypothesis. 

The water of these thermal springs does not differ in any remarkable 
degree from that of other springs. According to Humboldt, the hottest 
are the purest — the waters contain less saline matter — but in general 
they are strongly impregnated with gases, apparently condensed under 
great pressure. Although they issue from depths to which man has never 
been able to penetrate, they contain the same saline constituents as the 
cold mineral waters. Some are sulphureous, others chalybeate — the 
nature of their constituents depending on the chemical composition of the 
strata through which they rise. The probability is, that the water is 
nothinpr more than rain water which has percolated to a great depth, and 
has thereby acquired a high temperature from contact with the lower 
strata. 

It is a striking fact, and one indicating their close connection with the' 
internal heat of the globe, that these springs are liable to be affected by 
volcanic eruptions and earthquakes over large tracts of the earth. Those 
situated near volcanoes either cease flowing or undergo some change of 
temperature at the time of an eruption. Professor Phillips mentiom 
that in 1755, during the occurrence of tlie great Lisbon earthquake, the 
temperature of the thermal spring, called the Source de la Reine, at Bag- 
neres de Luchon in the Pyrenees, was raised 75^. The temperature of 
this spring is now 152^. This fact appears to furnish a remarkable proof 
of a subterranean connection existing under the whole peninsula of Spain, 
from the Pyrenees to the Atlantic, a distance of 600 miles. But, accord- 
ing to Neumann, the influence of this earthquake on thermal springs was 
perceived at a still greater distance ; for while it continued, the Sprudel 
Spring at Carlsbad, in Bohemia, ceased to flow. The influence was here 
extended over a distance of 1 400 miles ! 

Thermal springs are found in all parts of the world — in Greenland, 
Iceland, and in the equatorial regions — in the midst of continents, and 
in th^ scattered islands of the Pacific Ocean. The hottest, which either 
reach the boiling point of water, or have a temperature very near iti Me 
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m Soath America and 'Sew Zealand. The hottest springs are not neces- 
sarily in the immediate Ticinity of volcanoes. Thus Humboldt observes, 
that the Trincheras and Comangillas springs, in South America, issue 
from granite, and have a temperature varying from 194^ to 207°; while 
tbosearound the volcanoes of the Andes, vary in temperature from 97° to 
131^. One remarkable feet must be here noticed : Humboldt observed 
in 1800, that the Trincheras Spring had a temperature of 1 94°. Bous- 
Aiigault examiDc*d the same spring in 1823, and fi>uBd it to have a tem- 
perature of 207°: it had thus risen 1 3° in 23 years. There is a thermal 
^ring in Greenland, that of Ournartok, which has a temperature of 104°; 
and tlie intermitting Geyser Springs of Iceland, from which the water 
is thrown to the height of 100 feet, have the temperature of boiling 
water (2\2^.) 

The quantity of water which issues from thermal springs is very con- 
stant throughout the year. I'his f ict, together with their high tempera- 
ture, shows that their heat must be entirely independent of atmospheric 
and solar influence. They may be regarded, indeed, as natural thermo- 
meters on a large scale, serving to indicate the heat of the interior of the 
globe from the equator to the poles. Some of them have been flowing 
uninterruptedly for upwards of a thousand years ; and, so far as we can 
judge from historical records, without undergoing any marked change of 
temperature. They were described as hot i^irings, and used as hot baths 
by the Romans 1700 years ago. As an illustration, may be mentioned, 
Nero*8 Baths, on the coast near Naples : — the water has a temperature 
of 121^. According to Humboldt, some are now flowing in Greece, 
vhich are mentioned by Herodotus and Strabo, and which were used for 
btths by the Greeks before the time of the Mithridatic war. 

The continued flow of these tliermal springs, in countries where there 
are eitinet volcanoes, appears to indicate that the effects of subterranean 
iteit are merely suspended ; and that the extinct may at any time become 
Mddenly converted into an active volcano. Thus, in the province of 
AuTorgne in Central France, there are several hot springs, one of which 
hn a temperature as high as 176° : others, such as those of Mont d'Or 
aad Vichy, a temperature of about 1 13°. The view of this district, from 
tke aamnait of the Puy de Dome, includes ne less than 180 volcanic 
■fnlers; and there is no certain record of any eruption in this region, 
within the historical period.* These volcanoes, which have covered a 
large portion of Central France with lava and ashes, must have been 
extinct for many centuries. They are> indeed, now what Vesuvius wns 
in the seventieth year of the Christian era, immediately prior to the 
eruption which destroyed Herculaneum and Pompeii. We are in the 
.habit of speaking of them as extinct, but the uninterrupted flow of the 
thermal springs around them, appears to indicate that the great cause of 
their former activity is only latent 

* 7% is mountain derives its name from its being of a bell -shape. 
Like all volcanoes, active or extinct, it has a conical form : the summit 
% 3565 feet above the level of the sea. It was in the ascent of this 
mountain, in 1648, that Pascal first ascertained the pressure of the 
atmosphere. The barometer stood 3*5 inches higher at the base than at 
the summit. The ascent amply repays the traveller, 

G 2 
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Chapter Vm. 
Of the Atmosphere^ Winds, and Hurricanes, 

The earth is surrounded by a thin fluid mass of matter, a 
mixture of gases, called the atmosphere* : this matter gra- 
vitates towards the earth, revolves with it in its diurnal mo- 
tion, and goes round the sun with it every year. Were it 
not for the atmosphere, we should receive and lose the light 
of the sun suddenly. The phenomena of twilight are there- 
fore due to the refraction of light by this aerial medium, and 
we thereby enjoy the sun's light for some time before he 
rises and after he has set; for, on the 21st of June at Lon- 
don, the APPARENT day is 9 min. 16 sec. longer than the as- 
tronomical day. This invisible fluid extends to an unknown 
height ; but if, as astronomers generally estimate, the sun 
begins to enlighten the atmosphere in the morning when he 
comes within eighteen degrees of the horizon of any place, and 
ceases to enlighten it when he is again depressed more than 
18 degrees below the horizon in the evening, the height of 
the atmosphere may be calculated to be from 45 to 50 miles.! 

* From arfjLos, vapour; s^xupa, globus: the sphere of vapoars, because 
it receives into it all the vapours which rise from the earth. 

f Let ArB (Plate III. Fig. 5.) represent the horizon of an obsenrer at 
a; sr a ray of light falling upon the atmosphere at r, and making an 
angle sra of 18 degrees with the horizon (the sun being supposed to have 
that depression) the angle srA will then be 162 degrees. From the 
centre o of the earth, draw or, and it will be perpendicular to the re- 
flecting particles at r ; and by the principles of optics, it will likeinse 
bisect the angle srA. In the right-angled triangle OAr, the angle or a 
ssSl**, Ao = S982 miles, the radius of the earth. Hence, by trigo- 
nometry, 

Sine of or a, 81® 9*9946199 

Is to Ao, 3982 3-6011013 

As radius, sine of 90® 10-0000000 

Is to or 4031-76 3*6054814 

Now, if from or =: 4031*6, there be taken ov = oa = 398% the re- 
mainder vr ss49*6 miles is the height of the atmosphere. 

The effect of the refraction of light by the atmosphere is also teeo 
in Plate I. fig. 3. At a height of 45 miles, the atmosphere has only 
1- 12000th part of the density which it has upon the surfkce of the earth. 
The air is therefore as rare as in the artificial vacuum of the best air- 
pump. Hence, there is no reason to believe that the atmosphere extends 
beyond the distance of 45 miles. This may appear an amazing thick- 
ness, but it dwindles to a small ring when compared with the earth's 
cliameter, of which it forms only the l-177th part. Thus, in a globe 
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Atmospheric air is very light. One cuhic inch weighs (.305 
gr.) about 3-1 Oths of a grain, apd when compared with water, 
its mean density is as 1 to 828.* It is highly elastic, and is 
capable of being condensed to a very small bulk, but on the 
removal of the pressure, it immediately expands. It is what . 
chemists call a permanently elastic gaseous body ; for no 
degree of pressure or cold combined, has yet sufficed to bring 
it to a liquid state. Mr. Perkins subjected it to a pressure 
of 800 atmospheres^, or 12,000 pounds on the square inch, 
but it still remained gaseous. More recently Mr. Faraday 
has submitted oxygen, one of the main constituents of the air, 
to a pressure of 58*5 atmospheres, or 877 pounds on the 
square inch ; and at the same time cooled it to 140° below 
the zero of our thermometer, or 172° below the freezing 
point of water, but it still remained a gas» The degree to 
which air may be condensed is always directly as the pres- 
sure : thus, with a pressure of 800 atmospheres, 800 cubic 
inches are made to occupy the space of one cubic inch ; and 
on the removal of this pressure, there is an immediate ex- 
pansion to the original bulk. This will explain the effect 
of condensed air in the ordinary air-gun. 

Like all material bodies, air possesses extension and im- 
penetrability. It has weight, t. «., it gravitates to the earth ; 
and the weight or pressure of the atmosphere has a very 
important influence in physics and meteorology. The 
weight of the atmosphere, or the force with which a column 
of it presses upon a given area, is accurately determined by 
the barometer. In a mean condition, the pressure of the 
air is equal to sustaining a column of mercury thirty inches 
high. If Vre consider them to be cubic inches, the pressure 
of such a column will be exerted on an area of a square 
inch, and as thirty cubic inches of mercury weigh about fifteen 
pounds, BO it follows that the pressure exerted by the lower ^ 

thirty-six inches in diameter, the proportionate thickness of the atmo- 
sphere, or the aerial ocean, would be no more than one-fifth of an inch! 
For a comparison of the actual extent of the atmosphere with the heights 
of the loftiest mountains in the world and the depth of sea, see 

Plate VIII. 

* One thousand cubic inches of air weigh 304*9 grains, and the same 
bulk of distilled water weighs 252525 grains. Hence, 304*9 : 252525 : : 

1 : 828. 

t An atmosphere is equal to fifteen pounds pressure on a square inch, 
for a reason which will be presently stated. 

o S 
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Strata of air, is equal to fifteen pounds on every square inch 
of surface, whether of the earth, or of the bodies situated 
upon it.* This is equal to the enormous amount of 2216 
pounds, or nearly a ton on every square footf From its 
ready condensibility, the lowest strata of air are compressed 
into a very small bulk compared with those in the upper 
regions. Thus, although the atmosphere extends forty- five 
miles, it loses one half of its density at three and a half 
miles, or at about one-fifteenth of its height from the surface 
of the earth, — the barometer at this elevation sinking to 
fifteen inches. 

Although the atmosphere is the common receptacle of all 
the gases and vapours which emanate from the surface of the 
earth and sea, yet it is on the whole remarkably uniform in 
its composition. Thus, all over the earth, ou the loftiest 
mountains as well as in the deepest mines, it is found to be 
composed chiefly of four different substances:-— oxygen, nitro- 
gen, carbonic acid, and aqueous gas or vapour in an. invisible 
form. The average proportions of these bodies are by 
volume, oxygen 21 parts, nitrogen 77*6 parts, aqueous gas 
1*42 parts, carbonic acid 0*08 parts. As these bodies slightly 
differ from each other in density, oxygen and carbonic acid 
form rather more by weight than by volume, while nitrogen 
and aqueous gas form rather less. These gases are not che- 
mically united to each other ; they are merely diffused or 

* If the earth were covered with a layer of quicksilver thirty inches 
high, the pressure would be exactly equal to that now exerted by the 
air, which h forty -Jive miles high ; and from the relative densities of air 
and water, a stratum <^ water 32 feet in depth, would exert a corre- 
sponding pressure on the earth's surface. 

t The body of a man is calculated to have an weti of about fifteen 
square feet. The pressure exerted upon it is therefore equal to 33,240 
pounds, or nearly fifVeen tons. This pressure is equal on every ude, and 
inside as well as outside, hence it is not perceptible. The thinnest 
bladder filled with air and tied, weighs the same whether full of air or 
etnpty, and is submitted on its exterior to a pressure of many hundreds 
of pounds ; but the air which it encloses being under the same amount of 
pressure as that which is on the outside of it, it is neither torn nor rent 
— in this respect resembling a sheet of the thinnest paper immersed in 
water. So long as the water presses above and below, the sheet of paper 
preserves its cohesion; but if the water pressed on)y on one side, it 
would be immediately destroyed. By reason of this pressure, air pene- 
trates into all liquids and all porous solids. Water and even mercury 
contain it. Cork owes its buoyancy to it, for the specific gravity of 
cork deprived of air is half again as great as that of water. 
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mixed mechanicallj, but owing to a remarkable and special 
property of gases, they tend to spread equally throughout 
the atmosphere, and do not individually obey the laws of 
.gravitation. Carbonic acid, the heaviest of the four, has 
been found in air at an elevation of 20,000 feet*; and nitro- 
gen and aqueous gas, the lightest, are found in air at the 
bottom of the deepest mines of Sweden and Bohemia. The 
most astonishing fact is the uniformity of its composition in 
different places and at different times. Thus^ air taken from 
the summits of the Alps and Andes, from the surface of the 
Caspian Sea, the sandy deserts of Arabia, the islands of the 
Polar Sea, and from the greatest height to which man has 
ascended in a balloon (23,000 feet), has been found to yield 
from 20 to 21 parts per cent, of oxygen, and from 80 to 79 
parts of nitrogen, including in these weights the average 
proportions of the other constituents, f 

The properties of air are chiefly dependent upon oxygen. 
It is this gas which supports animal and vegetable life, and 
through which the great chemical changes on the surface of 
the earth are carried on : but the healthiness or unhealthi- 
ness of diflTerent places are not at all dependent upon the 
r^tive proportion of oxygen. The most pestilential air 
may contain the same amount of this gas as the most whole- 
some. The insalubrity of places is rather owing to the undue 
admixture of other noxious exhalations with the proper con- 
stituents of the air. These act like aerial poisons: they 
abound in the swampy jungles of tropical climates. 

It is remarkable that the air contained in water, whether 
spring, river, or sea water, differs in composition from 
that of the atmosphere. The proportion of oxygen some- 
times reaches thirty-four per cent., and this renders the water 
well fitted for the respiration of fish. Carbonic acid is also 
more abundant in this air, thus rendering it better adapted 
lor the growth of water-plants.f 

While the proportions of oxygen and nitrogen in air are 

• In 1 829, the writer detected the presence of this heavy gas in the 
air on one of the summits of the chain of the Great St. Bernard in 
the Alps, at the height of 10,000 feet above the sea-level. 

f Dr. Dalton found that the proportion of oxygen was somewhat less 
than the average in air taken from the summits of the Cumberland 
mountains. 

f Twenty-two gallons of spring water ( = 5000 cubic inches,) give 
100 cubic inches of air, consisting of oxygen 34*2, nitrogen 55*8, car- 
bonic acid 10. 

G 4 



128 OF THE ATMOSPHERE. [PABT t 

hot subject to any marked change, those of carbonic acid 
and axjueous gas are continually varying. Carbonic acid is 
more abundant in dry than in wet weather, at night than 
during the day, and in summer than in winter. Aqueous 
gas is always varying, according to fluctuations of tempera- 
ture — the greater the heat, the greater the quantity which 
is evaporated into the air, and vice versa. The proportion 
of this gas is not influenced by the pressure of the air ; so 
that at whatever height the barometer may stand, provided 
the temperature be unchanged, there is the same amount of 
aqueous gas in a given bulk of air. 

It is an important question not yet solved, whether, over 
long periods of time, any material changes take place in the 
chemical composition of air. Some eminent philosophers 
have asserted, that the great supporter of life, oxygen, is 
being slowly consumed, and that the atmosphere is gradually 
becoming deteiiorated ; so that in the long lapse of ages it 
will be rendered unfitted to support animal or vegetable ex- 
istence. It is consolatory to know, however, that if no facts 
can be brought against this view, none that are satisfactory 
can be advanced in support of it. The means of determin- 
ing with accuracy the composition of the air have not been 
known to philosophers for more than half a century ; and so 
far as experimental researches within this period will allow 
us to form a judgment, the results are decidedly adverse to 
the view, that the proportion of oxygen is undergoing di- 
minution.* 

The atmosphere possesses a blue colour, not perceptible in 
small quantities, but plainly evident when we look at it in 
bulk. Hence, the colour of the sky is blue. This is due to 
the reflection of the blue rays of light by the particles of 
mixed gases of which the atmosphere is composed. The 

* The atmosphere was analysed in 1805 by Guy Lussac and Von 
Humboldt. They found it to consist of 21*006 of oxygen, and 78 '994 
of nitrogen, per cent. This is, perhaps, the earliest analysis upon which 
reliance can be placed. In the year 1822, the air was again analysed by 
M. Despretz, in three different experiments, and the mean of these ex*- 
periments corresponded exactly with the result obtained by Guy Lussac 
and Humboldt seventeen years before. The writer subjected the air to 
analysis in October 1841, and the mean result of several experiments in 
which the fluctuations were small, was 20*8 oxygen, and 79 2 nitrogen. 
These slight differences need not be considered. In a period oTihirty-nx 
3fear$ tbe air had undergone no perceptible change in its chemical con- 
stitutionl 
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blae colour is most strongly marked in the zenith, because 
there is in this direction, a smaller amount of opaque vapour 
' for the light to traverse. The eye here receives the colour 
from a column of forty-five miles in elevation ; but on clear 
days the blue colour of the atmosphere is well brought out 
bj distant mountains, which acquire this tint from the strata 
of air interposed between them and the eye, often as strongly 
as if they were seen through a thin plate of pale blue glass. 
That a cubic foot, or a hundred cubic feet, of air have no 
perceptible colour, is no objection to this view ; for it is 
only in vast quantities of material bodies, that colour is 
often brought out. A thin layer of glass is colourless, a 
thick plate is perceptibly green, especially at the edges ; one 
grain of sand possesses no colour, but a collection of myriads 
of grains on the sea-shore, gives to the mass a brown tint. 
As a more apposite illustration we may refer to the colour 
of the waters of the ocean. These are of a rich blue when 
we look upon a column, or through a space of some thou- 
sands of fathoms ; but a cubic foot collected in a glass vessel 
is as colourless as ordinary spring water. 

One important consequence follows from this reflection of 
light by the atmosphere in bulk. While the sun is above 
the horizon, it tends to diffuse equally the light of day. 
Without the atmosphere, all objects would be in sharp 
light and shadow, and the sky would appear colourless, or 
black, from there being no medium to reflect and diffuse the ^ 
light. It is said that travellers, on the summits of lofty 
mountains, have perceived this blackness of space, and even 
the stars at noon-day. There is no proof, however, that the 
reflecting powers of the atmosphere are limited to the lower 
half, which these statements would imply. As a matter of 
personal experience, the writer can state, tha|; having been 
on several occasions in the Alps, at an elevation of 10,000 
feet above the level of the sea, the only effect observed by 
him was, that in the zenith the blue appeared purer and 
deeper ; but he has seen it equally deep from the level of 
the sea, after heavy showers of rain, and after a large portion 
of the humidity of the air had been deposited, the atmo- 
sphere had thus become partially cleared.*" 

* There is a curious phenomenon connected with the atmosphere, 
which has given rise to much speculation. This is the Mirage. In the 
hot »nd sandy deserts of eastern countries, distant objects sometimes 

a 5 
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Spaee.'-^Vfhat exists beyond the atmosphere, ue., in that space io 
which the planets revolve around the sun ? Does any medium fill up 
|he interval of 95,000,000 of miles extending from the earth to the sun, 
oris it void ? It was formerly supposed to be a vacuum, as it was other- 
wise considered by philosophers that not only would the revolution oftlie 
earth upon its axis be impeded, but its progress in its orbit around the sun, 
would in time become sensibly retarded by the friction of any medium, 
although infinitely lighter than air. But, as from the earliest astronomi* 
cai records, — from the days of Hipparchus, a period of 2000 years, — 
there has been no perceptible alteration In the length of the day or 
year, it was inferred that the earth could have experienced no resistance 
in its progress; and that, as the name implies, space was a void or vacuum. 
That there is utter darkness appears probable, from there being no me* 
dium, even so attenuated as the atmosphere, to reflect light ; that a 
most intense cold must prevail in this vast region, the extent of which 
the mind of an astronomer can hardly grasp, is proved by observed fiiets 
connected with the temperature of the earth ; but the view latterly 
adopted by scientific men from effects of an unexpected kind connected 
with cometary bodies is, that all space is actually filled with a fine at- 
tenuated matter, the exact nature of which it is impossible to define and 
difficult to comprehend. As this subject is one of absorbing interest iu 
Its relations to astronomy, it may admit of a brief exposition. 

From the laws of matter, elsewhere described (Chap. II.), it follows 
that if a body in motion meet another at rest, there is a certain amount of 
motion lost, according to the relative densities of the two. If a ball of lead 
be fired from a gun, it may go for a thousand feet without having its mo- 
tion perceptibly retarded by the air ; but for gravitation it might be car- 
ried entirely away from the earth apparently with undiminished velocity. 
If we substitute for the lead a ball of cork, its course is speedily arrested, 
Hot merely by gravitation, but by the resistance presented to its prepress 
by the air. If in examining the effect of motion on the ball of lead 

appear to be raised above the level of the ground, and to float in the 
atmosphere. Occasionally there are inverted images of mountains, trees, 
and. buildings, presenting the appearance of reflections from water. Hence, 
travellers in the open desert have thought that they were on the borders of 
a vast lake ; but this appearance entirely vanished as they approached the 
objects. In the Straits of Messina tiie images of buildings and streets 
have been seen inverted in the air; and to these objects the name of Fata 
Mforgana has been given. These remarkable effects are owing to tlia 
ttpusual refraction and reflection of light by strata of air of unequal 
temperatures. They are commonly seen in hot countries towards evening 
aner a sultry day, and while the air is quite calm. A wind entirely 
destroys them, by causing the rapid diffusion of the unequally heated 
Itfata of air. This phenomenon has also been witnessed in the Arctic 
regions. By causing the inversion of the peaks of rocks and mountains, 
it has often given a completely castellated appearance to the coast of 
Greenland. It has also brought into view ships and other objects out of 
direct vision. In 1 82'2, Captain Scoresby saw in the air, the inverted image 
of a ship, and identified it as that of his father's, although it was. at the 
tinie thirty miles distant, and actually below the horizon ! 
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only, we attempted to infer the existence of a resisting medinm on the 
earth, we should probably be led to deny it : there would at least be 
nu proof of it, because there would be no perceptible retardation of 
the moving body. So it is with the earth in space : as long as philo> 
sophers looked to the motion of the earth only, there was no proof of 
any matter surrounding it, or occupying the space beyond. But on 
examining the motion of a light eometary body, well known as £ncke*8 
comet, this was found to be sensibly retarded in its progress; and 
its retardation could be accounted for in no other way than by inferring 
that space is filled with a highly attenuated medium capable of offer* 
ing a certain degree of resistance to its progress. This comet is itself 
a highly attenuated body ; it appears like a mere speck of vapour, 
through which the stars are plainly seen. Its orbit around the sun 
is elliptical, and its aphelion is to its perihelion distance, nearly as ten 
to one. Its period of revoluticm is remarkably short, being only 1208 days, 
or three years and one third. It was first seen in 1786, again in 1795, 
in 1805, and 1819. Encke proved that it was the same comet which 
appeared in these different years, and hence it received his name. Its 
return was calculated for 1 822 ; but on comparing the calculated 
with the observed places, Encke could only explain the difference by 
supposing the existence of a resisting medium beyond the atmosphere. 
It was again observed in Europe in 1825 and 1828, and the absolute 
amount of retardation was then determined.* It is slight, but still ad- 
mits of calculation ; and from its discovery up to the present time it has 
sufficed to diminish the time of its revolution round the sun by about 
two daye, so that the comet is now ten days in advance of the place which 
it would have reached had there been no resistance. This may appear 
paradoxical, but it must be considered that, while the resisting medium 
makes it move more slowly, the comet is more rapidly drawn towards the 
centre of attraction, and it thus makes a revolution in a shorter path. 
The comet thus gains more in its progress round the sun than it loses 
by the diminution of its velocity. As we know nothing of its mass, 
it is impossible to calculate what comparative amount of resistance 
will be sustained by each planet of our system, or how many centuries 
must elapse before the effect of this retarding medium may become per- 
ceptible to the inhabitants of the earth. However small the amount of 
retardation may be, it must in the end stop the revolutions of all the 
planets. But it is by no means impossible that there may still be some 
lourcc of compensation yet undiscovered ; for all that science has taught 
us concerning the solar system, tends to prove that stability is the great 
character which the Creator has stamped upon the universe. f 

• Whe well's Bridge water Treatise, 195. 

f Newton has endeavoured to show how small the resistance of the 
medium must be, if it exist. The result of his calculation is, that if we 
take the density of the medium to be that which our air iv^ould ha^e 
according to the present laws of deciease in density at 200, miles from 
the surface of the earth, and assume that the planet Jupiter C^hich has 
about one-fourth the density of the earth) moves in such a medium, he 
would in a million of years lose less than a millionth part of his velocity. 
Encke's comet, according to the result of the observations already made. 
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Winds. — One property of the atmosphere yet remains to be 
considered. When heated, it expands and becomes consider- 
ably lighter, so that it ascends, until by cooling in its passage 
thi*ough the upper strata of air, it has again passed into a 
state of equilibrium. The amount of expansion which air 
undergoes by raising its temperature, has been accurately 
determined. It is equal to l-480th part of its bulk for every 
degree of heat added between the temperatures of freezing 
and boiling water (32° and 212"*). Thus 480 parts of air at 
32°, become 481 at 33° and 508 parts at 60°. • It is chiefly 
owing to this expansion, produced by heat, that the pheno- 
mena of winds are due ; for whenever a certain portion of 
air becomes heated, it is rendered lighter and rises into the 
atmosphere, while cold air rushes in to supply its place. This 
phenomenon continues until an equilibrium of temperature 
is restored. In other words, winds owe their origin to the 
heat of the sun ; this heat acting upon some part of the air 
causes it to expand, — it bcfcomes lighter, and consequently it 
must ascend ; while the surrounding air, which is more dense 
and heavy, will press forward towards the place where it is 
rarefied. Upon this principle, we can easily account for the 
Trade toinds, which blow constantly from east to west within 
the tropics ; for when the sun shines perpendicularly on any 
part of the earth, it will heat and rarefy the air in that part, 
and cause it to ascend ; while the adjacent air will rush in to 

will lose in ten revolutions, or thirty- three years, less than 1 • 1000th of 
its velocity ; and if this law were to continue, the velocity would not be 
reduced to one half of its present amount in less than seven thousand 
revolutions, or twenty-three thousand years ! ( Whewell. ) These calcula- 
tions assume that there is no compensation for the apparent irregularities. 
As the law of gravitation was not discovered until after the lapse of 5000 
years, it is by no means impossible that within this or a shorter period of 
time, the ingenuity of man may lead to the discovery of some law 
affecting the motion of the planets and comets, sufficient to counteract 
f the slight effects produced by the existence of a resisting medium. 

* It is thus demonstrated: 100 cubic inches of air at S2^ expand to 

37*5 
137 '5 cubic inches at 212°. The increase therefore is — ths of the 

J KJKJ 

original bulk. The number of degrees between 32® and 212° being 180^ 

in order to ascertain the effect or increase of bulk produced by each de- 

S7 • 5 7 ? 

gree, it is necessary to divide this fraction by 180, and =: i-- 

,75 75 1 100 200 

and -li. -M80 « J^— or J~. 
200 S6000 480 



.CHAP. VUI.] OF THE TRADE WINDS- 133 

supply its place, and, consequently, will cause a stream or 
current of air to flow from all parts towards that which is 
the most heated by the sun. But as the sun, with respect 
to the earth, moves from east to west, the common course of 
the air will be from east to west ; and, therefore, at or near 
the equator, where the mean heat of the earth is the greatest, 
the wind will blowr continually from the east; but on the 
north side of the equator, it will decline a little to the north, 
and, on the south side of the equator, it will decline to the 
south. If the earth were covered with water, the motion of 
the wind would follow the apparent motion of the sun, in the 
same manner as the motion of the water would follow the 
motion of the moon ; but, as the regular course of the tides 
is changed by the obstruction of continents and islands, so 
the regular course of the winds is changed by high moun- 
tains, by the declination of the sun towards the north and 
south, by burning sands which retain the solar heat, by the 
falling of great quantities of rain, which causes a sudden 
condensation or contraction of the air, and various other 
causes. Thus, according to Dr. Halley, between the 3rd and 
10th*degrees of south latitude, the south-east trade-wind con- 
tinues to blow from April to October ; during the rest of the 
year the wind blows from the north-west; but between 
Sumatra and New Holland this monsoon * blows from the 
south during our summer months ; it changes about the end 
of September, and continues in the opposite direction till 
April. 

Over the whole of the Indian Ocean, to the northward of 
the third degree of south latitude, the north-east trade-wind 
blows from October to April, and a south-west wind from 
April to October, f From Borneo, along the coast of Malacca, 
and as far as China, this monsoon in our summer blows 
nearly from the south, and in the winter from north by east. 
Near the coast of Africa, between Mosambique and Cape 
Guardafui, the winds are irregular during the whole year, 
owing to the different monsoons which surround that par- 
ticular place. Monsoons are likewise regular in the Red 

* The regular winds in the Indian Seas are called monsoont, from the 
Malay word mooain, which signifies " a season.'* (Forest's Voyage, p. 95.) 

f The student will find these winds represented on Adams's globes, by 
arrows having the barbed points flying in the direction of the wind, as if 
4l)ot iiroin a bow ; and, where the winds are variable, these arrows seem 
to be flying in all directions. 
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Sea ; between April and October they blow from the north- 
west, and during the other months from the south-east, 
keeping constantly parallel to the Arabian coast. * 

On the coast of Brazil, between Cape St. Augustine and 
the Island of St. Catherine, from September to April the 
wind blows from the east or north-east ; and from April to 
September it blows from the south-west ; so that monsoons 
are not altogether confined to the Indian Ocean. 

On the coast of Africa, from Cape Bajador, opposite to 
the Canary Islands, to Cape Verd, the winds are generally 
north-west ; and from hence to the Island of St. Thomas, near 
the equator, they blow almost directly on to the shore. 

In all maritime countries of any considerable extent, 
between the tropics, the wind blows during a certain number 
of hours from the sea, and during a certain number from the 
land; these winds are called sea and land breezes. During 
the day, the air above the land is rendered hotter and more 
rare than that above the sea ; the cold sea-air therefore 
flows in upon the land, and supplies the place of the rarefied 
air, which rises into the atmosphere ; as the sun descend:?, 
the rarefaction of the land air is diminished, and an e()liili- 
brium is restored. As the night approaches, the air over the 
land becomes more cooled by radiation than that over the 
sea. Under these circumstances it happens that a land 
breeze blows towards the sea. 

The Cape of Grood Hope is famous for its tempests, and 
the singular cloud whicli accompanies them : this cloud 
appears at first only like a small round spot in the sky, 
called by the sailors the Ox's Eye, and which probably ap- 
pears so minute from its exceedingly great height. 

In Natolia, a small cloud is often seen, resembling that at 
the Cape of Good Hope, and from this cloud a terrible windf 
issues, which produces similar effects. In the sea between 
Africa and America, especially at the equator and in the 
neighbouring parts, tempests very often arise, and are ge- 
nerally announced by small black clouds. The first blast 
which proceeds from these clouds is furious, and would 
sink ships in the open sea, if the sailors did not take the 
precaution to furl their sails. These tempests seem to 

• Bruce*8 Travels, vol. i. chap. iv. 

j- This wind seems to be described by St. Paul, in the 27th chapter of 
the Acts, by the name of the Euroclydon. 
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arise from a sudden rarefaction of the air, which produces 
a kind of vacuum, and the cold dense air rushes in to pro- 
duce an equilibrium. 

Hurricanes, which arise in tropical countries from similar 
causes, have a whirling motion leading to the overthrow of 
ships, trees, or houses. A calm genertdly precedes these de- 
structive tempests, and the sea then appears like a piece of 
glass ; but, in an instant, the fury of the winds raises the 
waves to an enormous height. When, from a sudden rare- 
faction, or any other cause, contrary currents of air meet in 
the same point, a whirlwind is produced.* 

A tery ingenious theory, regarding storms, has been propounded by 
Colonel Reid. According to this gentleman, every storm may be re- 
garded as a mighty hurricane or whirl wind, the wind blowing constantly 
in <Hie direction in a great circle, the diameter of which in the open 
ocean is from 1000 to 1800 miles. This vast whirlwind is itself in motion, 
progressing with rapidity along a curve approaching to a parabolic form, 
the circles expanding as they advance from the point at which the storm 
begins to be felt. The rotatory motion in the northern hemisphere is 
from east to north, west, south and east ; and in the southern hemisphere 
in a contrary direction. The progressive motion of the hurricane varies 
from seven to twenty miles an hour ; while the rotatory motion, that of 
the true hurricane, is from 60 to 70, and even 100 miles per hour. He 
has arrived at these conclusions from the examination of the relative 
position of ships which have encountered a heavy storm at or about the 
same periods of time at great distances from each other. Some of these 
vessels scudded and ran in the storm for days, — some by lying to got 
almost immediately out of it, i. e. it passed them; while others, by taking 
a wrong direction, went into the heart of it, foundered, and were never 
heard of nnore. Others, by sailing right across the calm space, met the 
same storm in different parts of its progress, — the wind blowing in op- 
posite directions, — and it was considered and spoken of as two storms 
which bad been encountered ; while others by cruising about within the 
.bead of the curve, but beyond the circle of the great whirl, altogether 
escaped the storm which had been for days raging on all sides of them. 
These facts are of great practical importance in navigation, but they yet 
require further investigation before the theory can be fully received. 

It is remarkable that, at St. Helena, where Captain Sabine found the 
magnetic intensity least, there are no violent storms. The line of least 
magnetic intensity is probably the true Pacific Ocean. 

The force of the wind upon a square foot of surface is 
nearly as the square of the velocity ; that is, if on a square 

• Two currents of air, or water, in motion, passing each other in oppo- 
site directions, always produce a revolving motion of the air or water at 
the point where they meet. 
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•board of one foot in surface, exposed to a wind, there be a 
pressure of one pound, another wind, with double the velo- 
city, will press the board with a force of four pounds, &c 
The following table, extracted from the Philosophical Trans- 
actions, shows the velocity and pressure of the winds, 
according to their di£ferent appellations. 



Velocity of the wind. 


Perpendicular 
force on one 


Common appellations of the 






square foot in 
pounds avoir. 


Miles in one 


Feet in one 


winds. 


hour. 


second. 


dupois. 




1 


1-47 


•005 


Hardlj perceptible. 


2"l 


2-931 
4-40 


■ 


•020 T 
•044 J 


■ 


Just perceptible. 


41 

> 

5J 


5-87* 
7-33 


> 


-079 i 
•123 J 


• 


Gentle pleasant wind. 


10 > 
15 J 


14-67' 
22 00 


- 


•492 
1-107 


• 


Pleasant brisk gale. 


20l 
25 J 


29-34'; 
36 -67 J 


■ 


1*968' 
3075 


, 


Very brisk. 


80 1 
35 J 


44-01 
51 -34 J 


' 


4-429" 
6-027 J 


■ 


High winds. 


401 
45 J 


58-68 1 
66-01 J 


• 


7-873 1 
9-963/ 


Very high. 


50 


73-35 


12-300 


A storm or tempest 


60 


88-02 


17-715 


A great storm. 


80 


117-36 


31-490 


A hurricane. 
r A hurricane that tears 


100 


146-70 


49-200 


• up trees, and carries 
1^ buildings, &c. before it 



From later experiments it has been inferred, that wind of a mean in- 
tensity has a velocity of 10*6 feet in a second, or 7*2 miles in an hour; 
while a very violent hurricane has a velocity of 128 feet in a second ; or 
a rate of not quite 80 miles in an hour. 
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Chapter IX. 

Of Vapours^ Fogs^ and Mists, Clotids, Dew and Hoar Frost, 
Rain, Snow and Hail, Thunder and Lightning, Falling 
Stars, Ignis Fatuus, Aurora Borealis, and the Rainbow. 

1. Vapours. — ^Evaporation is continually taking place from 
the earth and sea ; and the amount of vapour which is 
carried up depends upon temperature, and the motion and 
dryness of the air. The higher the temperature, the more 
rapid the motion, and the dryer the air, the larger the quan- 
tity of water which is evaporated. * The vapour which thus 
passes into the air is invisible, except when we look over 
an extent of surface ; it then appears like a white mist in the 
horizon. If the air be saturated with vapour, and then by 
a shght fall of temperature it becomes cooled, a large portion 
is precipitated in the form of a distinctly visible mist or fog. 

2. P'oGS are commonly spoken of as terrestrial clouds: 
they are precipitated aqueous vapour, but the particles are 
in so finely divided a state as not readily to cohere to form 
.water. Fogs are especially prevalent in low situations where 
water collects, and in or near rivers, lakes, or seas. They 
occur most readily at those periods of the year when there 
are sudden and rapid changes of temperature combined with 
i;reat humidity, as in spring and autumn. If a heavy fall of 
rain, with a large amount of evaporation, be followed by a 
low temperature, a fog is produced by the partial separation 
of the aqueous vapour in a visible form. They are most 
commonly seen in the morning or evening, for the same rea- 
son. The fogs of inhabited towns are mixtures of aqueops 
vapour with smoke ; they contain ammonia and other gases, 

• At a temperature of 45° from an area of water of 28 '29 square 
inches, and in a perfectly dry atmosphere, there are evaporated 1*36 
grains of water : — at a temperature of 7.5®, the quantity evaporated in 
the same time is 3*65 grains. The effect of motion is seen in the follow- 
ing amounts of evaporation from the same area. 

Calm, Breeze, High Wind. 

45° 1 36 grains 1'75 2-13. 

75 3-65 — 4-68 5-72. 

These results are based on Dr. Dalton*s researches. Water evaporates 
at all temperatures, even at and below 32^. Ice and snow give off va^ous« 
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which have a strong tendency to diffuse themselves. A mist 
is aqueous vapour still more condensed by cold — i. e. a fog 
passing into fine rain. The fog which always exists off 
the bank of Newfoundland arises from the mixture of the 
warm air brought by the Gulf stream, with the cold air 
brought bv the currents of the Arctic Seas. These currents 
meet off tne bank, and the warm air of the stream suddenly 
meeting with a large body of cold air parts with a por- 
tion of its vapour, and thus produces perpetual fogs. The 
blighting and suffocating wind, known in the Mediterranean 
states under the name of the SciroccOy is a south-easterly 
wind which passes over the arid sands of Arabia and Egypt. 
It thus becomes thoroughly dried, and in traversing the 
Mediterranean, by its rapid motion, dryness, and high tempe* 
rature, it takes up a large amount of vapour, which is again 
predpitated in a thick hot mist when it blows over a colder 
surface; as in Greece, Italy, and other parts of the Mediterra- 
nean. By the exhaustion which it produces from heat and 
humidity, it renders individuals almost powerless. 

Fogs in this country are observed to be very prevalent 
with easterly winds. This arises from the warm wind be- 
coming saturated with vapour in traversing the German 
Ocean, which is again partially precipitated when it meets 
the cooler surface of the earth. 

3, Clouds. — When the vapour rises to a certain height in 
the atmosphere, a partial condensation takes place, and a 
cloud is produced. Whatever cools the air will suffice to 
cause a separation of vapour. Thus clouds are often pro- 
duced by the meeting of two currents of air of different 
temperatures. In mountainous districts, from the greater 
coldness of the earth in these situations, clouds are abun- 
dantly formed. It is singular that the cloud does not take a 
well-defined form, until it has risen to a considerable height 
above the surface. It then spreads out into a sheet, or layer, 
which is called a stratus, thick in the centre, when seen side- 
ways, and terminating apparently in two sharp points. It 
would appear as if a certain elevation were necessary to 
allow the minute globules, or spherules of water, to coalesce 
without passing to the state of water. As the stratus ascends, 
it becomes rounded at the top and more globular in its form, 
thus producing the cloud called cumulus ; which is always 
perfectly flat at the lower part, being brought to a horizontal 
line by the greater density of the stratum of air on which it 
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reposes. The fine pencil-like clouds which arfe seen at a 
great elevation in thin streaks, commonlj in the zenith, are 
called cirri, ♦ Clouds differ much in their elevation : the 
stratus is generally near the surface, varying from 800 to 
1000 feet ; the cirrus reaches a height probably of from 
two to three miles. The cumulus occupies an intermediate 
elevation: but it has been seen above a height of 10,000 
feet. The shapes of clouds change materially, according 
to the aspect in which they are regarded. When a cloud 
is approached, its well-defined margin is entirely lost, and 
it has all the characters of a fog, or even of a damp mist. 
The aqueous vapour rushes by with astonishing rapidity, 
and the time occupied in its passage shows that some clouds 
most fill some thousands of cubic yards of space. A peculiar 
«nell has been perceived in the vapour of a cloud even at a 
great elevation above the sea- level. This may arise from 
the attraction well known to exist between aqueous and 
other vapours floating in the atmosphere. Clouds have 
sufficient body to be well adapted for the reflection of light, 
and the tints reflected from them by the rays ..of the rising 
and setting sun, refracted by the atmosphere, are of the 
richest description. 

4. Dbw. — When the earth has been heated in the day-time 
by the sun, it will during the night throw off a portion of 
the heat it has so acquired. This is what is called heat of 
radiation, because it is thrown off or radiated into the atmo- 
i^here. The extent to which the diminution of temperature 
takes place depends greatly upon the aspect of the sky : on a 
dear night it goes on more rapidly, and to a much greater 
extent, than when the sky is overcast or cloudy ; hence in 
clear nights there is a much greater deposition of dew than 
in cloudy weather. As an explanation of this, it may be 
stated, that dew is not a kind of fine rain showering down 
upon the earth from above, but that it depends upon the 
ak)w deposition of moisture from the atmosphere by the 
simple process of cooling, and is, in its formation, precisely 
similar to what happens when a glass of iced water is brought 
into a warm room in summer; the coldness of the surface of 
the glass abstracts the heat from the vapour in the air around 
it and causes its condensation in the form of water, which is 

* Stratus from the Latin, sij^ifying a layer ; eumnlua, a heap, and 
ttmu, a lock of hair. The three other forms of cloudi are compound t 
i. e. eumulO'Stratvs, eirro'gtratuSf and cirro-citmtiliit. 
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deposited exactly like dew upon the outside of the yessel 
The most essential condition for the production of dew is, 
that a body should have its temperature considerably lower 
than that of the surrounding air. Thus shrubs, under the 
shelter of a balcony, never have dew deposited on them^ 
and on a cloudy night there is no dew because the clouds 
reflect back the heat to the earth. When dew freezes, it 
produces hoar-frost. 

5. Rain. — Evaporation never takes place without the evo* 
lution of electricity. Each minute globule, or vesicle of 
water holds a portion, and carries it into the atmosphere. 
The higher it ascends the greater is the intensity of this 
electricity ; and thus clouds always hold a large portion of 
electric fluid. It is very probable that the minute globules 
of which the cloud is constituted, are prevented from coales- 
cing to form water by the electrical repulsion existing 
between them. When, from any cause, this electrical state 
is withdrawn, as by its slow and silent evolution from 
changes in the condition of the atmosphere, — the spherules 
of water unite and form globules of rain. Some cubic miles 
of cloud are thus often converted to water, — - the clouds 
losing their well-deflned outline, and blending together in a 
confused mass, which meteorologists call the nimbus. The 
descent of the clouds nearer to the earth, owing to a diminu- 
*tion in the pressure of the atmosphere, is probably attended 
with a partial loss of electricity, so that the particles which 
constitute the cloud no longer repel each other with the 
same force ; and the fall of rain will be slow or rapid accord- 
ing to the rapidity with which this electric tension of the 
particles is destroyed. When clouds approach elevated 
mountain chains, rain is a frequent consequence ; — the elec- 
tric fluid is probably then drawn off by the peaks, and the 
cloud is partially or wholly condensed to the state of water. 
Mere cooling is not sufficient to cause the conversion of 
clouds to rain; for we find clouds existing at elevations 
where the thermometer is at or below the freezing point of 
water. Rain falls in drops of a spherical form, varying 
greatly in size ; it is estimated that their velocity is in the 
duplicate ratio of their diameters. More rain is collected on 

a given area at the base of a building than at its summit : 

thus the quantity of rain which fell in one year on the top of 
York Minster amounted to 14'9 inches, while the quantity 
collected by a similar instrument on the ground varied from 
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19*8 to 25*7 inches. Hence, any instrument to measure the 
qnantitj of rain, should always be placed on the ground. 
This difference has been ascribed to the drops of rain uniting 
during their descent ; but it is more probably due to the 
rffect of eddies and currents of air above the surface divert- 
ing a portion of the water from the receptacle. 

The amount of rain which falls to the earth decreases as 
we recede from the equator and approach the poles. The 
annual average fall of rain, under the tropics, is 95 inches ; 
in Italy, 45 inches ; in England, 30 inches ; in North Ger- 
many, 22'5 inches ; and at St. Petersburgh, onty 17 inches. 
The following table of the annual amount is thus given by 
Pjpofessor Berghaus, 

Under the tropics of the New World . . . 115 inches. 
„ „ „ Old World ... 76 — 

Within the tropics generally 95*5 — 

Temperate zone of the New World (U.S.) 37 — 

„ Old World (Europe) 31-75 — 
Average within the temperate zone ... 34 — 

From Saint Domingo to Finland the annual amount de- 
creases from 150 to 13 inches. The greatest annual amount 
of rain, hitherto observed, was, 

Mahabaleshwar, Western Ghauts, lat. 18® N. 301*5 inches. 
Matouba, Guadaloupe, lat. 16® N 285*75 — 

The number of rainy days are observed to increase with 
the latitude, or the distance of a place from the equator, i. e, 
the rainy days are fewest where the fall of rain is greatest. 
Between the tropics the greatest quantity falls while the sun is 
at the zenith, i,€, at the season corresponding to our summer, 
while north of the tropics the greatest amount is observed to 
fall in winter. If the quantity of rain which falls yearly in 
these latitudes be indicated by 100, the relative amount, 
according to the seasons, will be as follows : 

Winter 50*6 per cent. 

Spring 16*3 — 

Summer 2*8 — 

Autumn 30*3 — (Berghaua,) 

The quantity of rain decreases as we recede from coasts 
to the interior of continents, and as we ascend from low 
plains to elevated lands (high table lands); but it increases in 
ascending from plains to the slopes of steep and rugged 
mountain chains. In the temperate zones of both hemi- 
inheres, more rain falls on the western than on the eastern 
Roasts. Within the tropics the eastern co«a\;^ ^^ ^<^ \&»^V 
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humid, owing to the vapour carried by the trade winds. An 
enormous amount of rain falls along the whole of the western 
shores of Patagonia, At Cape Horn the quantity collected 
in forty-one days was equal to 153*75 inches. Incessant 
westerly winds, bringing with them the vapour of the Pacific 
Ocean, prevail around this, the Cape of Storms; and the. 
ruggedness of the lofty mountain chains favours the precipi- 
tation. 

The influence of rain on climate depends not merely on 
the quantity which falls annually, but on the number of days 
in which it falls. It is remarkable that there are some 
extensive districts in the world where rain is never known 
to fall, and in others it falls only at very long intervals. 
The most extensive of these, according to Berghaus, is that 
which stretches from the borders of Morocco through the de- 
serts of Africa and Arabia, Iran, Persia, into Beloochistan, 
occupying a space of 80° of longitude by 17° of latitude. 
Its area is equal to 3,000,000 of square miles. Another 
rainless district comprises the Great Desert of Gobi, in the 
table land of Thibet, and part of Mongolia. It contains 
2,000,000 of square miles. Very little rain falls in Guate- 
mala, California, and Lower Peru. 

6. Snow consists of frozen aqueous vapour. "When closely 
examined, a flake of snow is found to be made up of minute 
crystals of ice of a prismatic shape, intersecting each other 
in all directions. When the freezing takes place slowly, under 
intense cold, the crystals assume the shape of a star, formed 
of six prisms radiating from a centre. Snow is only seen 
at a considerable elevation within the tropics. In the wes- 
tern part of the Old World, the equatorial limit of the fall 
of snow corresponds to the parallel of 30° north latitude, sa 
that it includes the whole of Europe. In the southern hemi- 
sphere its limit at the sea level is 48° south. It increases as 
we proceed north, and in a direction from west to east 

7. Hail is formed of masses of water, probably condensed 
from clouds, and frozen at a very great height in the atmo- 
sphere. If the globules of water traverse a sufficiently cold 
stratum of air, they reach the earth as hail. When the rain 
is rapidly frozen, the masses are opaque ; when more slowly 
frozen they are translucent, and sometimes of considerable 
size. Snow, which consists of the fine frozen vapour of the 
atmosphere, is only seen during winter, or after the pre- 
valence of intense cold. Hail may Vail at all seasons, even 
ill the hottest weather; because it depends on the solidi- 
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fication of water by the cold which uniformly prevails in the 
upper regions of the atmosphere. The stones vary in dia* 
meter, rarely exceeding l-3d of an inch ; but sometimes they 
ire of considerable size, and are capable of producing great 
destruction by the momentum which they acquire in Mling. 

8. Thunder and Lightning. — All bodies contain electri- 
city, but the presence of this powerful agent is never ren- 
dered apparent to us, except when its equilibrium is disturbed; 
and the slightest causes, such as the friction of bodies, crys- 
tallisation, and evaporation, suffice for its evolution. When 
the natural electricity of a body is disturbed, it is resolved into 
two kinds, — a positive and a negative fluid, — each of which 
repels electricity of the same kind, but attracts that which is 
of an opposite kind* ; just as the north pole of one magnet 
repels the north, but attracts the south pole of another 
magnet. 

The most accurate researches have proved that evapo- 
nUion^ is the great source of atmospheric electricity. The 
extent to which this takes place has been already considered. 
In tropical climates it goes on with greater rapidity than in 
high latitudes ; and as the accumulation of electricity is in 
proportion to the intensity qf evaporation, we have, in this, 
an explanation of the frequent occurrence of storms in 
warm latitudes. Storms are not common beyond the 75th 
parallel of latitude, but below the 65th they become fre- 

* The positive electricity is often called FitreouSt because it is' excited 
hj the friction of glass ; the negative is called Resinous^ because it is ex- 
cited by the friction of shelUIac and other resins. Although the effects of 
tile two are, in most respects, similar, they are marked by this difference, 
ftat a body charged with one attracts a body charged with the other ; 
and when they have met, no electricity is to be discovered in either body, 
fi>r the one kind appears to have the power of completely neutralising 
and destroying the other. 

t M. Pouillet has ascertained that the evaporation of pure distilled 
water is not attended with the evolution of electricity ; t. e. there is, 
during its evaporation, no disturbance of the equilibrium. Should the 
water contain the smallest quantity of saline matter, the electric equili- 
brium is immediately destroyed by the separation of the water from the 
nit, under the influence of heat. It need hardly be said that all the 
waters on the surfiice of the earth are charged more or less with salt ; 
hence evaporation never can occur without electric disturbance ; and let 
the reader consider from the facts already stated with regard to the enor- 
mous surface of the oceanic waters, and the daily amount of evaporation, 
the extent to which the equilibrium of the electric forces must becoma 
daily disturbed. 
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quent, and increase in frequency in proportion as the lati- 
tude diminishes. It is remarkable that in Lima, on the 
western coast of South America, the occurrence of thundeir 
and lightning is unknown. This, it is to be observed, is a 
rainless district, like the great deserts of Africa, Arabia, and 
central Asia. Clouds never being formed in these regions, 
there are no masses of vapour to receive and accumulate 
the electric fluid. 

Philosophers have determined that, in general, during eva- 
poration, the positive or vitreous electricity rises with the 
vapour, while the negative or resinous remains behind on 
the evaporating surface. Whence comes electricity ? The 
answer to this is, that all bodies contain it in enormous 
quantities — if we may speak of quantity with respect to an 
agent which can neither be seen, weighed, nor, in ordinary 
language, measured. We call it a fluid, but we know not 
what it is except by its marvellous effects. Faraday has 
calculated that the quantity of electricity contained in a 
single drop of water, measured by chemical affinity, is equal 
to that evolved in 800,000 maximum discharges of our 
largest batteries of Leyden jars ; one discharge of which 
would suffice to kill a good-sized cat ! The earth is a vast 
source of it, but the atmosphere does not contain it except in 
so far as the aqueous vapour, one of the constituents of the 
air, may enable the electric fluid to diffiise itself. Dry air is 
a non-conductor; hence the electricity of evaporation collects 
in and around the minute spherules of water, of which clouds 
are composed.* Clouds, are, therefore charged conductors 

'*' The heavy fall of rain which commonly takes place during a thunder- 
storm tends to saturate the air with moisture, and to render it a better 
conductor of electricity. Tha spherules of vapour in the thunder-cloudi, 
by the discharge of their electricities, are probably converted to water, 
which falls as rain ; and it is a remarkable fact, that the rain which first 
falls in a thunder-storm always contains nitric acid, generally combined 
with ammonia I The nitric acid is formed by the electric discharge^ 
causing the nitrogen to unite directly to the oxygen of the atmosphere. 
The ammonia is derived from the atmosphere. As a striking analogy 
in the effects, although on a widely different scale, it may be mentioned 
that the spark discharged from an electric machine produces an acid re- 
action on test paper in moist air; and forms nitrate of potash, or saltpetre, 
when it is received upon paper holding a solution of caustic potash. 
Nitric acid is thus proved to be formed even by the artificial spark I Some 
have accounted for the vast beds of nitre found in tropical countries by 
:the nitric acid thus formed naturally in thunder-storms. 

As a singular illustration of the power oi moisture to render a body a 
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holding a quantity of electricity in proportion to the pre- 
yious amount of evaporation, and to their extent, which 
may sometimes occupy some thousands of acres of space. If 
^e electricity be not too rapidly accumulated in them, it may 
dowly pass off into the air without producing any very 
marked effects, forming sheet-lightning, or it may be slowly 
drawn off by the peaks of mountains, and conveyed again 
dlently into the earth. In philosophical language, the equili- 
brium may be restored by the meeting and neutralisation of 
the two electricities. If, however, the accumulation has 
been vast, and the evolution of the electric fluid, from its 
high tension, be sudden, then we have, immediately produced, 
the phenomena of lightning and thunder. 

The discharge of the electric fluid to restore, the equili- 
brium may take place between two clouds, — between a 
doad and the earth, or any object on the earth. It is re- 
marked that the forked lightning, or that which takes a 
agzag course, is generally a discharge between a cloud and 
tbs earth. The zigzag course is probably indicative of the 
different degrees of conductibility in the strata of air. When 
two clouds contain equal quantities of the same electricity, 
there is no tendency to a discharge ; when they contain oppo- 
site electricities, or even unequal quantities of the same, 
then, supposing them to approach sufficiently hear to each 
other to overcome the resistance offered by the air placed 
between them, a discharge takes place, and they pass to a * 
State of equilibrium. The earth is commonly negatively 

eonduetor, it may be mentioned that when Franklin first made the expe- 
timent to draw the electric fluid from the thunder-clouds in the upper 
rq^ns of the air, he did not succeed in procuring any evidence of it 
from the string of the kite which he employed. A shower of rain fell, 
Ibe ttring became wet, and the electric fluid descended immediately. An 
^periment of this kind is always attended with considerable danger. 

According to Professor Daniell, although the atmosphere is not usually 
^larged with electricity so as to produce any marked or visible pheno* 
moia, yet it will commonly afford indications of electrical excitement. 
He states that in calm dry weather, when no clouds are visible, the gold 
litTesof an electroscope always indicate positive or vitreous electricity, 
the intensity of which is subject to regular variations, reaching a 
maximum about seven or eight o'clock in the morning, and falling to a 
minimum between one and two. In high winds and damp weather, 
without rain, electrical indications can rar^y be obtained ; and in cloudy 
weather, and in times of showers of bail* rain, or snow, they vary much 
both as to kind and intensity. 
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electrified, while the clouds hold positiye electricity ; hence 
a discharge often occurs between them and the earth.* 

The light of the electric discharge is lightning. It is not 
owing to anj form of combustion like artificial light, but 
it is the self-luminous character of the electric finld when 
in its highest state of tension. It is of a purple, blue, or 
yiolet colour, and is illustrated, on a small scale, by tiie 
colour of an electric spark from a large machine. The cause 
of the sound, or thunder, is ascribed to the violent concussion 
of the air by the sudden passage of the electric fiuid. It is 
imitated on an infinitely small scale by the snap which 
follows the discharge of a large battery of Leyden jars. It 
does not arise from any explosion or ignition of infianmiable 
gases, for no such gases exist : there is no rushing of the air 
into a vacuum, for there is no proof that a vacuum is formed* 
A vacuum implies the sudden abstraction or removal of a 
large quantity of matter ; but of the occurrence of this there 
is no evidence. It may be difficult to conceive how an 
imponderable fiuid should, by mechanical force, so strike the 
air as to produce the loud sound of thunder ; but it is just 
as difficult to understand how it should rend asunder and 
destroy, in an inconceivably short period of time, lofty build- 
ings, and fuse some of the most infusible substances, t The 
same principle by which we explain the noise of the eleetric 
spark from a machine, equally applies to the explanation of 
thunder. The difierence in the sound of artificially and 
naturally accumulated electricity, is no greater than that 
which we might expect from the difierence in the relative 
quantities accumulated, and in the equilibrium which is to 
be restored by the respective discharges.^ The repeated 

* The electric fluid possewes a property called induction, owing to 
which one body, highly charged, when sufRciently near to aiiothef» 
containing only its natural amount of electricity, disturbs its electrioity 
and produces in it a state opposite to that which exists in itM 
Thus a cloud, highly charged with positive electricity, approadiiog 
another cloud in its natural state, or the surface of the earth, renders tilt 
parts nearest to it highly negati^, by repelling the positive eleetrieity 
contained in the cloud or earth. Hence a discharge follows. 

f The reader need hardly be told that there b no thunderbolt-- tiMil 
these effects do not result from the projection of ponderable matter* 
They proceed entirely from an imponderable, fluid. Thunderbolts, vol^ 
garly so called, are round balls of iron pyrites (a compound of sulpl^nr and 
iron) laid bare by the washing of the strata after a heavy thundertConn. 

I In the explanation of these grand phenomena, we must bear in 
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daps, or explosions, are probably due to successiye discharges 
from various clouds, approaching each other during the 
stonn, at different distances from the individual ; and the 
lolling maj be partly ascribed to the reverberation or echo. 
Professor Wheatstone ascertained by an ingenious optical 
apparatus, exposed during a thunderstorm, that •** the dura- 
tion of a flash of lightning is a very minute fraction of 
the thousandth part of a second ; " and a flash has been 
found, by the known velocity of sound, frequently to tra- 
verse a space of nine or ten miles. According to Arago 
the electric flash lasts only for the millionth part of a second ! 
Hie velocity of the electric flui^ is certainly not less than 
that of light, t. e, about 200,000 miles in a seeond of time. 
Hence lightning, however distant, must be seen by a spec*- 
tator at the very instant at which it occurs. Sound, however, 
travels much more slowly (see page 51.) ; its ifiean velocity at 
(X)^ is only 1 120 feet in a second : hence the interval between 
tiie sight of the flash and the hearing of the thunder is 
▼eiy perceptible ; and as there are 5280 feet in a mile, and 
the time required by sound to travel this distance is equal to 
4*71 seconds, so it follows that we may allow the distance 
of rather more than a mile for the lapse of every five 
leconds.* 

nond the difference between the puny efibrts of art and the Tast opera- 
tions of nature. In comparing the effects of a charged conductor of 
nme thousand acres in extent with one of a few square feet, we must be 
prepared for great differences in the results. The writer has seen a spark of 
sparged conductor of a very powerful battery six inches in length ; some 
He described as twelve or fourteen inches. Sparks obtained by deriving 
•leetricity from thunder-clouds in the atmosphere, have been ten feet 
Kmg, and apparently two or three inches in diameter. In a violent 
storm, the sparks are probably some miles in length, and the effects of the 
tetric fluid are proportionate 1 

* From the facts collected by Mr. Walker, it would appear that the 
ftonder has been known to fbUow the flash in so short an interval as 
y^aucondt The duration of the loudest part of each roll of thunder 
Ins been found to vary from twenty to thirty seconds. The interval 
between the flash and thunder rarely exceeds fbrty-eight seconds, and 
this is equal to a distance of about U% mitts. Beyond this distance it is 
Qsnally inaudible ; although one instance is reported of the interval being 
iqual to seventy-two seconds, or fifteen^miles. 

On the velocity of lightning, the following experiments which the writer 
his more than once witnessed, may be related. When we are moving with 
great rigidity, as in a railway train, at the rate of 40 to 80 feet in a 
noond, near objects appear to lose their form, and to fly past us with in- 
ooneeivable rapidity, becoming at the same time lathgthvoed^ oVvdl\|^ \a 

B 2 
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Thunder may occur without lightning being perceptible, 
as where it takes place during the day between two clouds, 
one of which is placed above the other. Lightning may 
occur without thunder, as where the electric fluid is silently 
discharged into the atmosphere, on a summer's evening, in 
long sheets. This lightning is of a reddish colour, and it 
commonly appears in flashes behind large clouds (cumido' 
strati) ; if a crack or fissure exist in the bank of cloud, 
the appearance of the light from behind has very much that 
of forked lightning. The thunder-cloud commonly has the 

the duration of the impression produced by them on the retina of the 
eye. A large rounded pebble is no longer seen as such, but it presents 
the appearance of a brown streak, six or eight feet in length : all bodies 
by the side of the road appear to run into parallel lines ; just as a stick 
lighted at one end, when swung round with great velocity, appears to the 
eye a circle of fire« 

If a circular disc of card be painted with the seven colours of the 
rainbow, and made to revolve, under exposure to Ordinary daylight, with 
great' rapidity, the individual colours are entirely lost, and the disc 
appears of a dirty-white hue. This effect depends on the rapid revo- 
lution, and the length of time which the light falls upon it. The whole 
of the colours are seen in a confused mixture. If the disc make a 
hundred revolutions in a second, and we see it for the tenth part of a 
second, it must make ten revolutions while we are looking at it, and the 
colours will still appear confused. If, however, the light fall upon it 
for the thousandth part of a second, it is clear that it will only make the 
tenth part of a revolution in that time, and it will appear to be scarcely 
moving. If it fall upon it in the ten- thousandth part of a second, or 
less, it will, for a similar reason, appear to have no motion whatever : 
and thus, when an artificial discharge of electric light is made in the 
dark upon such a disc while in rapid revolution from a Leyden jar, it 
apparently becomes instantly motionless, and all the colours are seea 
separiEitely and distinctly from each other. Objects seen by lightning 
during darkness in railway travelling thus appear to be at perfect rest 
Nothing, perhaps, can more strongly show, than these facts, the incon^ 
ceivable velocity of the electric fluid. 

It was just now stated that from a calculation made by M. Arago, a flash 
of lightning does not last longer than the miilionth part of a second ! Ad« 
mitting that this is only an approximation to the truth, it brings before us 
the extraordinary quickness of vision ; for, while the flash lasts, all objects 
are visible to the eye, and yet the light whereby they are seen must be re- 
flected from them in an inconceivably short period of time. From a 
consideration of these &cts, the reader will be prepared to understand, 
that in a thunderstorm during the night at sea, the waves, although in 
violent motion, appear to be suddenly petrified, or at perfect rest during 
the lightning-flash ; and under similar circumstances on land, the leaves 
and branches of the trees, although in violent motion from wind, appear 
to become suddenly still. 
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m of a i^umulo'StratuSf spreading upwards in a palmated 
ipe. These thunder-clouds have been observed at all 
vations, from 3000 to 15,000 feet above the sea-level, 
imboldt states, that he has seen them enveloping the 
;hest summits of the Andes. He witnessed the effects of 
htning on one of the rocky pinnacles above the crater of 
J volcanb of Toluca, at an elevation of nearly 15,300 feet: 
t thunder-clouds have also been seen over the lowlands in 
) temperate, zone, of a measured vertical elevation of 26,650 
!t In some instances, the elevation of the cloud is not 
jater than 2000 feet. (See Plate VIII.) 
^, Faixing or Shooting Stars, Aerolites*, and Ball 
iHTNiNO, are names applied to certain ^ery meteors^, the 
gin and nature of which appear to be involved in great 
scurity. They have of late years attracted the attention 
philosophers, in consequence of their periodical appearance, 
vast numbers, generally about the 10th of August, and 
tween the 12th and 14th of November. The heights at 
lich they move have been estimated at from 16 to 140 
les, and their velocities, which are similar to those of the 
inets, at from 18 to 36 miles in a second. The course of 
5 meteor is generally in a curve from the zenith towards 
> horizon, which it rarely appears to reach. Respecting 
sir nature little seems yet to be known ; for whilst some 
inent philosophers and astronomers have supposed them 
be generated in the atmosphere, others have imagined 
It they were projected from the moon. The prevailing 
inion of astronomers now is, that they are masses of matter 
longing to the solar system — circulating independently in 
ice, and only becoming luminous when they pass into the 
hosphere. Whether they do or do not accompany the 
rth in its orbit is unknown. 

These fiery meteors, when they approach the earth, often 
rst with a loud explosion, like a clap of thunder, and 
avy stony substances have been observed to fall from them 
the earth. 

The stony bodies, which are called aerolites, have been 
served to have a high temperature when found recently 
:er their fall. They vary in size from a few ounces to 

* From ihpi ^^ <**''» and \l0oi, a ttone, 

t From tAtrdj beyond^ and ixipta^ I lift up; being raised above the 

Dosphere. 
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several ioni. They «re usually of a rounded form, and always 
eovered with a black <eru8t. When broken, they appear of an 
ash-grey colour, and of a granular texture, like coarse sand» 
stone. According to one theory they are concretions actually 
formed in the atmosphere, but in what manner no rational 
account has yet been given. They are principally composed 
of iron, and often contain that rare metaX nickeL* 

10. Of the iGKifl FATUUS, commonly called WiU'wUh^^ 
Wisp^ or Jctck-wUhHi' Lantern. Sir Isaac Newton, in his 
Optical Queries, ealls this a vapour shining without heat 
Various accounts of it may be seen in the Philosophieal 
Transactions. The most probable opinion is, that it consists 
of a spontaneously inflammable gas, emitted from the de- 
composition of fiubstances containing phosphorus, in marsl^ 
grounds. Dr. Shawf has described a remarkable ignis 
fstuus, which he saw in the Holy Land, when the atmosphere 

* Aerolites faave been frequently observed to fall after an electrical ex- 
plosion; hence the name applied to ihem,bcLll'liffbining. The specific gravitjr 
of aerolites is about S* ; t. «. they are three times as dense as water. Tlie 
substances of which they arc composed are analogous to those which are 
found in the crust of the earth ; they include iron, nickd, eobak, man- 
ganescy copper, chrome, arsemc, tin, potarii, soda, sulphur, phosphorus 
and carbon. The presence of native, or pure metallic iron, gWes them 
a peculiar character. It is singular that they have not been found in a 
fossil state in the secondary and tertiary strata. It is calculated that no 
less than seven hundred fiills of aerolites take place on the surface of 
the earth yearly. 

The velocity of a felling star or aerolite may be estimated from the fint 
that, although it describes a large arc at a great elevation, there is oftea 
only one streak of light perceptible, from the beginning to the end. This 
velocity is estimated at 114,000 feet, or rather more than 21 miles in a 
second I One ingenious view of their nature is, that they are small 
planetary masses, having their own independent orbits in space, which cut 
the plane of the ecliptic' at that point which the earth reaches in its 
annual revolution, .between the 12^ and 14th of November. Humboldt 
speaks of them as forming part of the rough material of the universe ; 
but the &ct that no substance is found in them which does not exist in 
our planet, tends to favour the presumption that they have a terrestrial 
origin. As, however, the iron is unoxidised, it is probable that the par- 
ticles of this metal become aggr^ated with those of the rare metals, 
cobalt and mckel, far beyond the r^ons of the atmosphere, or any me- 
dium containing oxygen. It is rare to find a specimen of iron in die 
earth, except in a state of chemical combination. The diameter of the 
largest of these meteoric stones has been calculated at from 83 to 2600 
feet ; that of the smallest planet, Ceres, 70 miles ; but two planets, still 
smaller, are reported to have been recently discovered. 

t Shaw's Travels, p. 363. 
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was SO Tmcommonly thick and hazy, that the dew on the 
horses* bridles was remarkably clammy and unctuous. This 
-meteor was sometimes globular, then in the form of the flame 
of a candle, presently afterwards it spread itself so much as 
to involve the whole company in a pale harmless light, and 
then it would contract itself again, and suddenly disappear ; 
but, in less than a minute, it wduld become visible as before, 
and running along from one place to another with a swift 
progressive motion, would again expand itself, and cover a 
eonsiderable space of ground. 

Our knowledge of the nature of the terrestrial light 
ttUed ignis fatuus, is very imperfect It has not yet been 
leeurately observed by one capable of examining it. If, as 
it is supposed, it proceeded from the escape of phosphuretted 
hydrogen, it could not move about. Most probably in these 
cases the fiery appearance has presented itself at intervals, 
ai the gas escaped in bubbles, and the spectators may have 
ihvs been led to imagine that it possessed motion. In 
Persia, and some eastern countries, an inflammable vapour 
escapes from the earth (naphtha). This is easily kindled, 
and then continues to burn. In some cases, ignes fatui are 
nothing more than luminous electricity (from an excessively 
electrical state of the atmosphere) discharging and fixing 
itself silently upon pointed objects. In the Mediterranean 
this appearance is called the Yjre of St. Elmo. It is often 
aeen on the masts and points of the yards of ships at sea. 
The whole subject requires further investigation. 

11. Of the aurora borea^is, or northern lights.* 
This is an electrical phenomenon which occurs only in high' 
latitudes. It consists of vast sheets of light, appearing 
towards sunset, spreading upwards and converging towards 
a point, thus giving the form of a bow. It is seen after 
sunset, generally towards the north, and is most brilliant in 
the polar regions, where it often presents the most splendid 
e(dours, u e., yellow, emerald, green, and blood red. The 
rays of light are continually varying in their colour, bright- 
ness, and intensity ; but the result is, that the whole of the 
sky is illuminated ; and it has been remarked by polar tra- 
vellers, that the shadows of men and other objects on the 
white snow are occasionally seen in the complementary 

• Philosophical Transactions, No. 305. 310. 320. 347, 348, 349. 351, 
852. 363. 365. 3S8. 376. 385. 395. 398, 399. 402. 410. 418. 431. and 
433., &c. 
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colour of that which was predominant in the Aurora. Thus 
with an intense red light the shadows were green, and with 
a green light, the shadows were red. 

The cause of this phenomenon is now generally admitted 
to be the discharge of electricity in a highly attenuated 
medium. The aurora varies in height from 50 to 300 miles 
aboKre the surface of the earth ; and the same aurora shows 
itself at different elevations, varying in height as well as 
in intensity. (See Plate VIII.) The aurora is artificially 
produced by making an electrical discharge into a long glasa 
tube^ brought to the state of a vacuum. The electric fluid 
then spreads through the vessel, with a pale blue or violet 
coloured light. The average height of the aurora is pro-r 
bably from 100 to 130 miles, — a distance at which no at-' 
mosphere can be supposed to exist. Mr. Faraday considers 
that the phenomenon is due to the discharge, above the 
atmosphere, of the accumulated electricity in the polar re* 
gions. The equilibrium is thereby restored at the equator. 

There is a close connexion between this phenomenon and 
terrestrial magnetism. The bow commonly has a symmetric 
cal relation with respect to the magnetic meridian, and when 
it appears in the form of rays or columns of light, they are 
described as being parallel to the dipping needle.* . 

The Aurora Australis has not been so frequently wit* 
nessed. Captain Cook, in his second voyage to the South 
Pole, says: "(February 17th, 1773,) We observed a beau- 
tiful phenomenon in the heavens, consisting of long columns 
of clear white light, shooting up from the heavens to the 
eastward, almost to the zenith, and gradually spreading ovef 
the whole southern part of the sky. Though these columns 
were in most respects similar to the Aurora Borealis, yet 
they seemed to differ from them in being always of a 
whitish colour. The stars were sometimes hid by, and some- 
times faintly to be seen through, the substance of these 
Auroras Australes. The sky was generally clear when they 
appeared, and the air sharp and cold, the thermometer stand- 
ing at the freezing point ; the ship being in latitude 58^ 
south." This phenomenon has been more recently observed 

* On the 24th October, 1847, a very splendid aurora was seen over 
the greater part of England. It had the rich red and green colours of 
the Arctic aurora, and its brilliancy was so great that it dimmed the 
planets and rendered the stars of the third magnitude invisible. It occu- 
pied the whole of the northern zone from horizon to zenith. 
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and described by Sir James Clark Ross. He witnessed it 
for the first time on the 28th February, 1841, in lat. 69° S. 
and long. 167° E. It was seen in the -magnetic direction - 
bearing west. He describes it as consisting of two segments 
of a broken arch, at an altitude of 15° ; from which bright 
coruscations shot upwards, to the altitude of about 60°. 
The upper points of these rays were more beautifully atten- 
uated than those of the Aurora Borealis. They were with- 
out colour, and the vertical beams had much lateral motion, 
and frequently disappeared and reappeared in a few seconds 
of time. In lat. 60° it was again seen, of a yellow colour, 
forming an arch 20° high, and at times exhibiting vivid 
flashes of a bright pink colour. On several other occasions 
it was seen in the form of bright flashes of all the prismatic 
colours, preen and red being the most frequent and conspi- 
cuous. Hence this phenomenon is precisely the same, and is 
probably as frequent in the antarctic, as in the arctic regions. 
12. Op the rainbow.- This beautiful phenomenon is 
dependent on the decomposition of light by the small spheres 
Or globules of rain in the act of falling through the air. In 
order that it should be seen, it is necessary, for reasons to be 
presently explained, that the sun should not have a greater 
elevation than 54° above the horizon ; hence rainbows never 
occur at mid-day : and, secondly, that the spectator should 
face the shower of rain, and be placed with his back to the 
sun. There are commonly two bows, but the inner bow is 
always the brightest ; and each may be easily known from the 
other by the fact, that the red colour forms the outer margin 
of the inner, while the violet colour forms the outer margin of 
the outer bow. The inversion of the colours is owing to the 
light entering the series of drops which form the two bows 
at entirely different points. The interior bow is formed by 
the rays of light falling 'on the upper parts of the drops of 
rain ; for a ray of light entering the upper part of a drop of 
Pain will, by refraction, be thrown upon the inner part of 
the spherical surface of that drop, whence it will be reflected 
to the lower part of the drop, where, undergoing a second 
refraction, it will be bent towards the eye of the spectator ; 
hence the rays which fall upon the interior bow come to the 
eye after two refractions and one reflection, and the colours 
of this bow from the upper part are red, orange, yelknu, 
green, blue, indigo^ and violet The exterior bow is formed 
by the rays of light falling on . the lower parts of, tlx<^.^Q»'^^ 

H 5 



154 Of t^e iUii^i^oW. [tart h 

of rain ; these rajs, like the former, undergo two tefractiona, 
viz. one when they enter the drops, and another when they 
emerge from them : but they suffer two or more reflections 
in the interior surface of the drops ; hence the colours of 
these rays are not so strong and well defined as those iit 
the interior bow, and appear in an inverted cMrder, mr. 
from thte inner part they are red, orange, yellow, green, 
blue, indigo, and violet To illustrate this by experiment, 
suspend a glass globe filled with water in the sunshine, 
turn your back to the sun, and view the globe at such a 
distance that the part of it the farthest from the sun may 
appear of a fuU r^ colour, then will the rays which come 
from the globe to the eye make an angle of 42 degrees with 
the sun's direct rays ; and if the eye remain in the same 
position, and another person lower l^e glass globe gradually, 
the orange, yellow^ green, and other colours, will appear in 
succession, as in the interior bow. Again, if the glass globe be 
elevated, so that the side nearest to 4iie sun may appear red, 
the rajrs which come from the globe to the eye will make an 
angle of about 50 degrees : then, if another person gradually 
raise the glass globe, while the spectator remains in the same 
position, the rays will successively change from red to 
orange, green, yellow, &c, as in the exterior bow. These 
observations being understood, let dne (Plate IV. F'ig, 1.) 
represent a drop of rain belonging to the interior bow, s^ a 
ray of light falling on the upper part of the drop at d; 
instead of the ray continuing its direction towards p, it will 
be refracted or bent towards «, whence part of it (for some 
will pass through the drop) will be reflected to e, making the 
angle of incidence <fi»K equal to the angle of reflection enK; 
instead of continuing its direction from e towards yj it will, by 
emerging out of the water into the air, be again refracted to 
the eye at o. But, as this ray of light consists of a pencil* 
of rays, some of which are more refrangible f than others, 
the violet, which is the most refrangiblCj will proceed to- 

* A pencil of rays is a portion of light of a conical form diverging or 
proceeding fi'om a point ; or tending to a point, in wtuch case the rays 
are said to converge, 

t Refirangibility of the rays of light is their tendency to deviate from 
a rectilinear course. Those rays which deviate the most from a rectilinear 
course, in passing out of one medium into another, are said to be the 
most refrangible ; and those which deviate the least, are the least refran- 
gible. Sir Isaac Newton, by experiment, found the red rays to be the 
least sod the violet rays the most refrangible. 
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mrards b^ and the red, which is the least refrangible, will 
proceed towards o. Now, if the eye of the spectator be bo 
placed that the ray of light falling upon it has been once 
reflected, and twice refracted, so that oe shall make, with 
the solar ray, sd, an angle smo of 42° 2'*, he will see the 
red ray in the direction oem ; and if the eye be raised to b, , 
80 that ue shall make, with the solar ray S(^ an angle bfs 
of 40° 17' the violet ray will be seen in the direction bcf ; 
the red ray will appear the highest, the violet the lowest, and 
the rest in order according to their different refrangibility, 
as in the interior bow (Plate IV. Fig, 2.); for the drop of 
water descends from f to e. What has been observed of one 
drop of water will be true of an infinite number of drops ; 
hence thfe interior bow is composed of a circular arc, whose 
breadth F€, is proportional to the difference between the 
kast and most refrangible rays. 

To explain the exterior bow. Let ctnd (Plate IV. Fig, I.) 
represent a drop of rain, Bd & ray of light falling upon the 
under part of it at d; instead of this ray continuing its 
direction towards m, it will be refracted to w, whence part of 
it will pass through the drop, and the rest will be reflected 
to ^; at ^ a part of it will again pass through the drop, and 
the remainder will be reflected to c ; then in emerging from 
the water into the air, instead of continuing the direction 
02f, it will be refracted from c to the eye at o. But as this 
ray of light, like that in the interior bow, consists of a pen- 
cil of rays of different refrangibility, the red, which is the 
least refrangible, will proceed towards a ; and the violet, 
which is the most refrangible, will proceed towards o. Now, 
if the eye of the spectator be so placed that the ray of light 
falling upon it has been twice reflected, and twice refracted, 
80 that oo shall make with the solar ray so an angle boo of 
54° 7', he will see tHe violet ray in the direction ocv; and 
if the eye be raised to a, so that ao shall make with the 



* The sine of incidence and refraction of the least refrangible ray, out 
of water into air, is as S to 4, or as 81 to 108 ; and the most refrangible, 
as 81 to 109. (Emerson's Optics, p. 92.) The same author, at page 237. 
prob. xxvi. of his Optics, by the method of fluxions or increments, and 
using (he numbers above, finds that the angle which the emergent ray 
makes with the incident ray in the interior bow, is 42^ 2' for the red, and 
40° 17' for the violet; and for the exterior bow, these angles are 50° 57', 
and 54° 7'. The investigations are here omitted, because they cannot be 
rendered intelligible to any persons but mathematicians. 
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solar ray so an angle so a of 50° 57', the red ray will be 
seen in the direction ^cr; the violet ray will appear the 
highest, and the red ray the lowest, and the rest in order 
according to their different refrangibility, as in the exterior 
bow (JPtate TV, Fig. 2.) for the drop of water descends from 
H to dL The same observations apply to an infinite number 
of drops, as in the interior bow. 

Hence, if the sun were a point, the breadth of the exterior 
bow would be (54° 7'- 50° 57'=) 3° 10', that of the in- 
terior bow (42° 2' - 40° 17' =) 1° 45', and the distance 
between them (50° 57' - 42° 2' =) 8° 55'-, but, as the 
mean diameter of the sun is about 32' 2", the breadths of 
the bows must be increased by this quantity, and theiV dis- 
tances diminished ; the breadth of the exterior bow will then 
be 3° 42^ that of the interior bow 2° 17', and their distance 
8° 23^ The greater semi-diameter of the interior bow will 
be (42° 2' + 16', the sun's semi-diameter =) 42° 18', and 
the least semi-diameter of the exterior bow (50° 57' — 16' 
the sun's semi-diameter =) 50° 41'. 

All rainbows are arcs of equal circles, and consequently 
are equally large, though we do not always see an equal 
quantity of them ; for the eye of a spectator is the vertex 
of a cone, and its circular base is the rainbow, the semi- 
diameter of which (for the interior bow) is the fixed quan- 
tity 42° 18', equal to an angle fop ; and as sp will in all 
situations be parallel to op, and the angle sfo, equal to fop, 
must be always equal to 42° 18', it is evident that as s rises, 
F and p will sink ; and when sf makes an angle of 42° 18' 
with the horizon, OF will coincide with OQ, and the interior 
bow will vanish ; hence, the interior bow cannot be seen if 
the sun's altitude exceed 42° 18': again, as the point P 
rises, the point s will sink, and when op coincides with OQ, 
SF will be parallel to the horizon, (viz, the sun will be rising 
or setting,) and the whole semi-diameter of the rainbow wifi 
appear, which is the greatest part of it that ever can be seen 
on level ground ; hence half a circle is the most that can 
be seen in such a situation ; but if the observer be on the 
top of a high mountain, such as the Andes, with his back to 
the sun, and if it rains in a valley below him, a complete 
circle of colours may be seen. The above reasoning 
is equally applicable to the outer bow ; hence, as the 
sun rises, the bows sink, and when his altitude exceeds 
42° 18' the interior bow cannot be seen, and, when it 
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exceeds 54^ 7' + 16' =) 54° 23', the exterior bow become? 
invisible.* 



Chapteb X. 

Of ClimcUe and Temperature. Hottest and coldest Months 
and Days, Extremes of Cold and Heat in the same 
Latitude, Effect of Altittide and Latitude on Tempera- 
ture. Line of perpetual Snow, Influence of Soil — Ve- 
getation — Proportion of Land ana Water — Influence 
of Clouds, Rain, and Winds on Climate, Subterranean 
Heat 

1. Mean temperature of plages. — It is well known that 
dimate does not depend on temperature only, although this 
18 one most important element, embracing as it does the 
consideration of the temperature of the earth and sea at 
Tarious depths, as well as of the atmosphere at various ele- 
Tations above the sea-level. Climate is also subject to im- 
portant variations, according to the quantity of aqueous vapour 
contained in the air,^and the prevalence of particular winds. 
It is probably influenced by light, electricity, and magnet- 
ism, although in a less appreciable degree. 

It is a common error to suppose that the temperature of a 
climate depends on the latitude, and that a country is warm 
in proportion as it is near to the equator, or cold as it is near 
to the poles ; but in truth it requires only a slight examina- 
tion of the subject to observe, that there are many circum- 
stances which have an indirect influence in increasing or 
diminishing the eflect of solar heat. So far as the agency of 
the sun is concerned, the temperature of a climate certainly 
'depends, first, on the directness with which the rays meet the 

* As the sun, the eye of the spectator, and the centre of the bow, are 
always in a right line, so it follows that a complete semicircle can be seen 
only at sunset or sunrise : and at other times only so much of the bow 
will be seen, as is equal to the number of degrees which the sun is above 
the horizon deducted from 42^ for the inner, and 54° for the outer, 
bow. As no circle can have more than one centre, and as the eye of the 
spectator represents the centre of the coloured circle, so it follows that 
no two individuals, however close to each other, can see the same rain- 
bow. The sheet of spherules of rain, therefore, presents to the eye of each 
spectator a separate bow. 
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5iu*face of the «flrth; and, seoondlj, cm the length of the perid 
during which these rays are transmitted, u e. the length cJf 
time which the sun remains above the horizon. There are, 
however, numerous circumstances <^ a local nature which 
modify the effect of solar heat ; and among these may be 
enumerated the elevation of land in the form of monn- 
tainft, the vicinity of the sea, the nature of the soil, its 
degree of cultivation, and other accidental conditions. It was 
long since observed by Humboldt, that altitude would com- 
pensate for latitude; and thus, as it is well known, every 
variety of climate may be met with in tropical regions by 
ascending lofty mountains. There is one point in which all 
meteorologists agree, namely, that for places in the same 
latitude the mean temperature is always, cceteris paribus^ 
higher on coasts and on islands, than it is in the midst of 
large continents. * The thermometer has also a much greater 

* As the terms mean temperature are frequently employed, it is iiece»> 
sary to state that they imply the average result of a series of tempera- 
tures, observed during a certain number of hours throughout the day, 
forming the diurnal mean. By adding together the diurnal means, and 
dividing by the number of days in a month, we obtain a monthfy mean. 
By adding together the monthly means, and again dividing, we obtain the 
yeaviy mean. The mean temperature of a place it the eum of the aimual 
4nean9 observed for a seriee pf years. This is always implied when It is not 
otherwise stated ; and it is obvious that in such an extended series of obser- 
vations minor variations are lost. A country may have a summer as well 
as a winter mean temperature, — the thermometrical observations being 
then confined to each season. It has been ascertained by numerous obsenra- 
tions, that in these latitudes the maximum tempei^ure of the day ocourt 
about 2 o'clock p.m., and the minimum temperature about half an hour 
before sunrise. According to Fouillet, the mean temperature of the 
month of October for a place, nearly represents the annual mean. 

One year may differ much from another in respect to its temperature, 
but there is no reason to believe that any climate is becoming progres- 
sively colder or hotter. On the contrary, these irregularities appear to be 
due to oscillations of temperature, or to changes which balance them- 
selves in a long series of years. Many years are required to give a true 
annual mean. As a result of observations made during a period of twenty- 
one years in Paris, from 1806 to 1826, the mean temperature was found t« 
be 51°*4; the lowest mean was in 1816, when it was 48? "9; and the 
highest in 1806 and 1822, in each of which years it was 53^-7, making a 
difference of only 4^*8 in that long period. If this difference be divided 
by the number of years, it will give an average annual error of 0®'23, 
rather less than a quarter of a degree on Fahrenheit*s scale ; and it is clear 
that observations carried on for a century would reduce this error to a 
very small amount, although it would then be only an average. The 
tiiermometer in its present perfect state* has scarcely been known 0Q« 
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nuige, u e, it rises higher and falls lower, in the latter than 
in the former case. Thus, to take the same parallel of lati- 
tude in North America, 57° N., it has been found that, 
-while the mean temperature on the western coast is 45°'2, it 
is no more than 30° 2 in the interior of the continent. Then, 
again, the difference of range is such, that in the interior the 
summer is 10° warmer, and the winter no less than 38° 
colder than on the coast. 

In countries near the equator, and on the same level, 
these great differences are not observed ; and the mean tem- 
peratures of places, in the same parallel of latitude and at 
the same level, more nearly correspond. In passing beyond 
the tropics this conformity is lost, and hence has arisen the 
necessity for indicating the equality of temperature in places, 
by what are called isothermal * zones, or bands ; t. e. com- 
prising within two isothermal lines, without reference to lati- 
tude, all those places which have the same, or nearly the same, 
mean annual temperature. These lines of equal heat are not 
parallel to the equator, but are more or less convex or con- 
cave with respect to it. This plan of using isothermal 
lines was first proposed by Humboldt, and it has been exten- 
sively adopted in respect to a large number of places in the 
ncHTthern hemisphere, in which only accurate observations 
have been hitherto kept. Then, again, it happens that places, 
which are situated in the same isothermal zones, have very 
different mean summer and winter temperatures ; the ther- 
mometer may have a large range in the one case, and a small 
range in the other. This has given rise to other subdivi- 
sions: those places which have the same mean summer 
temperature are called isotkeral-f; and those which have 

hundred years ; the proper way of employing it, to determine these im- 
portant questions connected with temperature, has not been under- 
stood for half that period ; hence it is unreasonable to look for great preci- 
sion in the results. Had the thermometer been employed, as it is now, for 
a thousand years, how many interesting questions connected with climate 
and temperature, it would have enabled us to solve ! Changes in climate 
might have been accurately determined, and laws laid down with respect 
to them : the question whether the earth has lost caloric in the lapse of 
ages, i, e. whether it be a mass cooling from a high temperature, niight 
iUso have been placed on a definitive basis. It remains therefore for us, 
as Kaemtz suggests, to collect materials in order to enable future gene- 
rations to solve these interesting problems. 

* ur6s, equal ; ^c/>/ai;, heat. 

-( ta65t equal ; ^ipos, summer. 
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the same winter temperature, isochimal. * Thus Lisbon, Bo* 
logna, Bordeaux, Aix, and Venice, are isothermal, t. e. they 
have the same mean annual temperature, or nearly so, 57 . 
Rome, Nice, and Paramatta, near Sydney, in New South 
Wales, although in opposite hemispheres, are isothermal; 
and the mean annual temperature of these places (between 
61° and 62°) corresponds with the mean winter temperature 
of Algiers. The mean annual temperature of Naples (about 
63°), corresponds to the mean winter temperature of Madeira, 
and the mean summer temperature of England. _ Correct 
observation has brought out some remarkable facts with 
regard to these isothermal zones or bands. Thus there are 
many places in Europe which have a much higher mean 
annual temperature than other places in North America, 
although these are situated several degrees farther south. The 
summer of New Archangel, on the western coast of America, 
is much colder than that of Abo, in Finland, although the 
latter place is more than 4° further north ; and the mean 
annual temperature of Yakutsk, which is situated in the 
same parallel of north latitude as the Faroe Isles, is no less 
than 26° lower than the mean winter temperature of these 
islands ! 

In comparing the annual with the monthly means of places 
situated in the temperate zones, we perceive that the tempe- 
rature begins to rise about the middle of January, and gra- 
dually attains its maximum, although with a more rapid 
increase in April and May than at other periods, towards 
the latter end of July. It slowly decreases in August, 
rapidly in September and October, and attains its minimum 
.point about the middle of January. According to Professor 
Kaemtz, the days for maximum, mean, and minimum tempe- 
rature, during the year are, 

Minimum temperature - - 14th January. 

Mean temperature ... 24th April, 21 October, 

Maximum temperature - - 26th July. 

These points have been determined from observations 
made in Lapland, on the Persian Gulf, and in various places 
in the Old and New World. From the researches of AragQ» 
extending over a long series of years, the days of greatest 
cold have generally coincided with the second week in Janu- 
ary ; while the days of greatest heat have been irregularly 

• UTQS^ equal; x^^V^ winter. '^ 
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distributed through the months of July and August. Thus^ 
then, in determining the temperature of the seasons, we can- 
not follow the usual astronomical divisions. The winter 
Inonths should be so arranged for temperature that the mid- 
dle of January should correspond to the middle of the winter 
season, and this would therefore consist of December, Janu- 
ary and February. The same rule should be observed in 
determining the summer temperature, the average day of the 
jn^TiTniiTn temperature forming the middle of the season. It 
18 to be regretted that tables of the temperature of places have 
often been constructed without reference to any fixed principle, 
so that it has been quite impossible to compare them. Some 
have followed the astronomical seasons, while others have 
selected particular months for comparison. The mean sum-> 
mer temperature for England is 62°, and the mean winter 
temperature about 37°, thus giving an average range of 
25° ; but it is well known that the thermometer frequently 
rises very much higher and falls much lower ; yet these 
variations, in a long course of years, compensate each other, 
and give a degree of constancy to climate, for the existence 
of which we should hardly, from personal experience, be 
prepared. 

Most observers agree thaf the annual mean temperature 
of London is about 50° '4. In the severe winter of 1788, 
when the Thames was frozen over, the mean temperature was 
50°*6 ; in 1796, in which there was a more severe winter 
than had ever been observed before, the mean was 50°*1 $ 
in 1813-4, when the Thames, and other large rivers of Eng- 
land, were completely frozen, the mean of the two years was 
49° (Whewell) ; therefore about a degree below the standard. 
In the year 1808, the summer was remarkably hot, and the 
temperature in London was as high as 93°*5 ; yet, according 
to Whewell, the mean heat of the year was only 50°*o, very 
nearly the standard temperature. This compensation, how- 
ever, does not always tsie place so closely as this statement 
would lead us to believe. The winter of 1837-8 was remark- 
able for the severity of the cold. On the 20th January, 
1838, at sunrise, the thermometer stood in the immediate 
neighbourhood of London at 4° below zero Fahr., or about 41^ 
below the mean winter temperature. This degree of cold, 
SQ unusual for London, lasted some hours. In calculating 
the mean temperature of that year, from the monthly 
tables of maxima and minima, ooUected by Dr. Ari&&t\:o\i%<t 
the writer found it to be 47° '35, — 'a ^ttet^itfi^ ^1 xsjisstfc 



162 EXTREMES OF GOLD AND HEAT. [PART L 

than 3" below the mean; but it was remarked, that in 
this year, the mean temperature of every month, with 
the exception of that of June, was below the annual aver- 
age of many years. It has been already stated that the 
mean temperature of October represents, approximately, the 
mean temperature of the year. In 1838 the October mean 
was 48°'5, differing, therefore, only by 2° from the annual 
mean. 

The observations made in Paris during twenty years 
show that we must not expect the heat and cold of every 
year, so to compensate each other as to vary only by a frac- 
tion from the mean temperature. The difference, however, 
was so small, as to make less than 5° between the highest 
and lowest annual mean ; and the low mean of 1 838 for 
London would probably vanish, if the means for the years 
before and since were taken together. The winter of 1838 
was unusually severe over the greater part of Europe. 

2. Extremes of cold and heat. — It is not so much, how* 
ever, to the mean annual, as to the mean winter and summer 
temperatures, to which we must look for the great influence 
of climate on plants and animals. Thus certain plants are 
not found to flourish where the mean annual heat is above 
or below a certain point. * 

Every zone has thus its peculiar plants, the flourishing of 
which depends more on the length and heat of the summer, 
and the length and cold of the winter, than on the mean 
annual temperature or the latitude of the place. This con- 
stitutes a most interesting branch of science, known under 
the name of Botanical geography. Thus the mean annual 
temperature of New Archangel, on the western coast of 
America, derived from the summer and winter means, iB 
45°'2 ; that of Moscow, calculated in the same way, is 38°'5. 

* The ooffee>tree, cotton-tree, the indigo plant, sugar-cane^ dat^ 
and vine, flourish only within certain defined limits of temperature. 
Indian corn does not grow to perfection except in a climate where the 
temperature, during at least one summer month, does not fall below 70®. 
Berghaus attributes the variety in the distribution of plants to tiiree 
conditions : 1 st, the mean temperature of the year , 2nd, the extreme 
temperature both as regards heat and cold ; and 3d, the distribution of 
temperature anoong the different months of the year. The last especially, 
as it refers to the heat and duration of the summer months, is the roost 
important ; for many plants, protected from the action of the atmosphere 
by a covering of snow, are enabled to brave the most rigorous winters, 
and to pass through all the phrfises of flowering and fructification, pio- 
r/ded the summer be hot eiK>ugh and of sufficient duration. 
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Humboldt has made it as low as S5°, although Moscow is in 
latitude 2° south c^ New Archangel It might be supposed 
that a plant like wheat, which requires solar heat for its 
ripening, would be more likely to flourish at New Arch- 
a^el than at Moscow, if we judged bj mean annual tempe- 
rature ; but it would appear that, while grain readily ripens 
at Moscow, it cannot be grown at New Archangel The 
cause of this apparent anomaly is, that the ripening of grain 
dreads more on the mean summer than on the mean annual 
temperature : this at Moscow is 64°, while at New ^ch- 
angel it is only 56^. In the former place the extremes of 
heat and cold are greater; extreme cold has very little in- 
fluence on grain, for it lies dormant during the winter, but 
a high summer temperature is absolutely necessary for its 
ripening. In New Archangel the heat and cold are more 
uniformly diflused than at Moscow, so that the winter is 
warmer than many places farther south, and the summer is 
much colder than other places farther north. Perhaps a stiU 
more remarkable instance exists in the case of Yakutsk, the 
capital of Eastern Siberia. The mean temperature of this 
place, owing to the severe cold of winter, is below the freez- 
ing point of water ; — the mean winter temperatcure is nearly 
40** below the zero of Fahrenheit. The summer, although 
short, is warm enough to ripen wheat, barley, potatoes and 
other vegetables; and Yakutsk lies 5^ farther north than 
New Archangel. In judging, therefore, of the influence of 
climate on vegetation, we must look to something more than 
mean temperature. Two places may have the same, or 
nearly the same, mean temperature, and yet a very dif- 
ferent yearly range : the degree of this range, as well as the 
rapidity with which the changes producing it take place, 
must have a decided influence upon health. Such diflerences 
are seen when we compare places situated on coasts and 
islands, with others which are in the interior of c(mtinents. 
This will be evident on comparing the temperature of Berlin, 
Bablin, Edinburgh, and London : — 

Mean temp. Winter temp. Summer temp. Mange, 

Berlin - - - 47«^ Sl^ 62° 81° 

Dublin . - 49 40 60 20 

Edinburgh - - 47 39 58 19 

London - - 50 37 62 ,^5. 

it will be perceived by this table that there is a difference 
of 11° in the range between Berlin and Dublin, and qC 12? 
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between that of Berlin and Edinburgh ; while there is a 
difference of only 6^ in the ranges of Berlin and London. 
The winter temperature of Berlin is lower than that of the 
other three places, while the summer is higher, with the 
exception of that of London, which is equal or nearly soi 
The decimal differences are here omitted. 

When we compare places situated in the same parallel of 
latitude on islands and continents, the difference is often 
very remarkable. Thus in taking the Faroe islands and 
Yakutsk, which are on the same parallel of north latitude; 
62°, the following results are obtained : — 

Mean temp. Winter temp. Summer temp. Range, 
Faroe islands - - 46«» 40° 5S^ 13® 

Yakutsk - - 14 —39 63 102 

The difference in range is nearly 90° at these two places, 
a difference which might be considered almost incompatible 
with health and life, were it not for the extraordinary power 
which man possesses of adapting himself to climate. It is to 
be observed, that where there is so great a range it is quite 
impossible to calculate the mean annual temperature from 
the sum of the mean summer and winter temperatures. 
When the annual rarige is small, such a calculation may be 
made without producing any great error, because this is a 
proof of the }ieat being more equally diffused throughout the 
year. These remarks, then, will show that the average range 
of the thermometer is of more importance, in reference to 
climate, than the determination of the mean temperature of a 
place. 

Another point connected with the temperature of climate 
is that which appertains to the extremes of heat and cold 
observed in particular localities. Thus , observations have 
been made by travellers of the maxima and minima of tem- 
perature noticed in different parts of the globe ; and these 
facts have been collected without reference to the mean of 
the year, or of the seasons. In the oasis of Moorzouk, in 
the great African desert, the thermometer has been observed 
to stand, in a sheltered spot, at 128° ; in Upper Egypt, under 
a tent, at 138° ; in the valley of the Indus, during the Affghan 
expedition, at from 138° to 140°. At Calpee, in the East 
Indies, the thermometer on one occasion was observed by 
Mr. Davidson to stand at 150° in the open air, half an hour 
after sunset. In the engine-rooms of our steam-ships «n>* 
ployed on the West India station, the thermometer has be^ 
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seen as high as 154**.* The temperature occasionallj rises 
very high in places situated within the temperate zones. In 
Paris, in the summer of 1793, the thermometer rose to 101°, 
which is nearly as high as it has been observed at Madras 
and Cairo. In Cumberland, U. S., lat. 38°, it rose in 1838 
to 108°. In the summer of 1829 the writer observed the 
thermometer to stand, in tlie shade, at Milan at 105^ 

When favourably exposed to direct solar influence during 
the summer, the thermometer has been known to rise in 
this latitude to 115"* and 120^. The quantity of heat 
which reaches the ground during the summer season is 
enormous, even on a few square inches of soil ; and were 
this not absorbed or carried off by evaporation, the surface 
would soon be reduced to a sterile waste. In some experi- 
ments on the power of the solar rays, performed during the 
summer of 1844, at the period coinciding with the maximum 
annual temperature, the wnter found that the quantity of heat 
falling in a second upon less than six square inches of sur* 
face, measured by a lens, was sufficient to ignite gunpowder 
in a second. This is equal to a temperature of 545®. The 
extraordinary capacity for heat which water possesses, coun- 
teracts* under the common phenomena of evaporation, these 
powerfully heating effects of the solar rays. 

When a thermometer is enclosed in a box of smoked 
or blackened cork, and exppsed directly to the rays of the 
son, without being influenced by reflection or radiation 
from other sources, it has been observed to rise to a very 
high temperature, far above that of boiling water. Pro- 
fessor Robinson, of Edinburgh, in one instance observed 
that a thermometer, thus protected, rose to 237° ; and Saus- 
sure made a similar ol^servation at Geneva, in which the 
thermometer attained a temperature of 221°. Here it will 
be seen that there was a mere accumulation of the direct 
rays of heat from the sun, and no concentration by the aid 
of a mirror or lens. 

Let us now pass to the consideration of the extraordinary 
degrees of cold, natural and artificial, recorded by various 
observers. It is to be remembered, that the zero of Fahren- 
heit's thermometer is 32° below the freezing point of water : 
degrees below this, have consequently the — sign placed 
before them. 

• As an instance of the excessive heat in Barbary, Mr. Davidson 
slates, that he on one occasion found the water of a tank, exposed to thft 
sun, to have a temperature of no less than 112^. 
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Bdov 

lerOfF. 
Melville Island, m. t. zero, F. 

Nain, Labrador, winter temperature - - • - 1*3 

North America (open continent) • - • - 4 

London, January, 1838 - - - - • - 4 

Alten, Norway, winter, 1843 - - - - - 16*6 

StorvansQeld mountain, 1843 - - - - - 31 

Tobolsk, winter temperature - - - - - 31 

Steppes of Southern Russia, winter temperature - - 35 

St Petersburg, minnnura temperature - -/ - * 35 

Lake Baikal, winter temperature - - - - 40 

Yakutsk, Siberia, winter temperature • - - - 40 

Rae's Arctic Expedition (Jan. 8. 1847), lat. 66^ 32' N. long. 62® 

SC W. - 47 

Hudson's Bay, min. temperature - - - - 50 

Melville Island, 1820, (Parry) - - - - - 55 

Great Bear Lake, 1827, (Franklin) - - • . 58 

Supposed temperature of space, the resisting medium (Fourier) - 58 

RcKSs's Northern Expedition - - - - - 60 

Nijne Kolymsk, Siberia, winter temperature, 1821 - -65 

Yakutsk, Siberia, minimum temperature (Ermann) - - 72 

Kaemtz states that Captain Back, at Fort Reliance, ob- 
served a temperature of —56°'7 C, which would be equiva- 
lent to — 70°'3 Fahrenheit ; but this appears to be one of 
those mistakes depending on the confusion of thermometers, 
as nothing like this temperature has been observed by other 
arctic travellers. The greatest degree of natural cold yet 
noticed on the surface of our globe, was that recorded by 
Ermann, at Yakutsk in Siberia, in January, 1829. The 
thermometer fell 72° below zero F., or 104° below the freez- 
ing point of water. For two months in every year this 
town, which is the capital of Eastern Siberia, has a mean 
temperature of —40°; in other words, during that period 
mercury is solid. The difference between the highest de- 
gree of observed natural heat and the lowest degree of 
observed natural cold amounts to 220°, — an extraordinary 
range of the thermometer for human beings to bear, con- 
sistently with the maintenance of health and life. 

The actual zero of cold, as well as the maximum of heat, 
is unknown. Among the low degrees of artificial cold may 
be mentioned : 

Below aeto. 
Carbonic acid gas ...... 70^ 

Solid carbonic acid cools by evaporation to - . - 148 

Lowest artificial cold marked by alcohol > . - 1 66* 

* This intense degree of cold, t. e. 198° below the freezing point of 
water, was produced by Mr. Faraday in mixing solid or crystalUied 
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3. Effect of altitude on climate. — It is well known 
that as we ascend in the atmosphere, the thermometer, cceteris 
paribus, falls ; and that, at a certain elevation, varying ac- 
cording to the latitude, and slightly fluctuating in the tem- 
perate zones according to the seasons, the thermometer is at 
or near the freezing point ; in other words, there is eternal 
snow. The line of perpetual snow in the equatorial regions 
of South America is at the height of 18,300 feet ; in the 
Alps it is at 8900, and in Norway (lat. 71°) at 2400 feet. 
In the Alps it is 700 feet lower on Uie northern than on the 
southern side : in the Himalaya mountains this condition is 
reversed ; it is 3000 feet lower on the side towards Tartary 
than on that towards India.* In no part of Great Britain 
do the mountains reach the line of perpetual snow, which 
would be in this latitude at an elevation of about 4500 
feet.| 

earbonic acid gas with ether in vacuo. He thinks the actual degree of 
cold should be taken at 204° below freezing. Lower than thi^ we are not 
likely to go, as at this temperature, the alcohol in the thermometer be- 
came oily and thick, so that it ceased to mark temperatures with any 
certainty. Taking the zero of Fahrenheit as a mean point, the mea- 
lurement of degrees of heat has been carried much farther above this, 
than the measurement of degrees of cold has been carried below it. 
Fahrenheit believed his zero to be the lowest producible degree of cold ; 
hut an inhabited town (Yakutsk) is now known, the winter temperature 
of wbich has sunk to 70° below this point; and by an artificial process 
of recent discovery, the degrees of cold may be carried to 187° below it. 
Tbese facts show that, in constructing thermometers, it is absurd to look 
Ibr the positive zero ; but, in arbitrarily fixing it, we should take some 
well-marked point above which the greater number of natural and arti- 
fidal temperatures would fidl. This point appears to be that which 
corresponds to the freezing of mercury. 

* The snow line on the north of the Himalaya mountains if at the 
height of 16,625 feet; and on the south side, 12,980 feet On the north 
tide there is varied cultivation, with good crops, at the height of 13,000 
feet : and Captain Gerard found vegetation in full activity at an eleva- 
tion of 16,800 feet in lat 32° ; while, on the southern side, it hardly 
reaohes 10,000 feet. The birch grows at 14,000 feet on the north side, 
and the oak at 11,500 feet on the southern side. (Berghaus.) 

f The influence which altitude exerts on the growth of plants and 
the distribution of animals, is entirely dependent on temperature. Thus 
the birch grows on the Caucasian mountains at a height of 6394 feet t 
in Lapland it forms the upper limits of trees at 1918 feet ; in the Hima- 
layas it grows at an elevation of 14,000 feet. In the ascent of the Alps 
ttie walnut and chesnut are succeeded by the oak, the beech, and the 
birch tree. At about 2600 feet the oak ceases to grow ; the beech con* 
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From numerous observation^ made in England and on 
the continent, it has been calculated that in these latitudes 
the thermombter falls about one degree for an elevation of 
300 feet, — some make il 319, others 334 feet. In the cele- 
brated ascent of Gay Lussac, in which he attained an alti- 
tude, over Paris, of 23,000 feet, the thermometer fell 72®, 
At the maximum elevation he observed it to stand at about 
16°. This gives an average of one degree for 319 feet eleva-* 
tion ; but calculations of this kind can only be regarded as 
approximations to the truth. Latitude makes a difference in 
this respect ; thus, while the thermometer has been observed 
to fall one degree for 270 feet elevation in England, it falls 
only to the same amount for 352 feet elevation in Switzer- 
land, according to observations made on the Great St. 
Bernard. It is also possible that there may be a difference 
in the rate of increase at high, compared with that observed 
at low elevations ; and that the season of the year at which 
the observations are made, with other local circumstances, 
may affect the results. 

4. Effect of soil and vegetation. — The nature of the 
soil, as well as the degree to which it is covered by vegetatioot 
will affect the temperature of a climate. A country overran 
with forests is kept comparatively cool, partly by the calorific 
rays being prevented from reaching the earth, and partly by 
the abundant evaporation which takes place from living 
vegetables. On the other hand, where vegetation is wanting, 
as in the sandy deserts of Africa, Arabia, and Persia, the 
ground is parched and dry, and the atmosphere attains a 
very high temperature. 

5. Relative proportion of land and vtater. — It has 
already been stated that the climates of countries near the sea 
are subject to less rapid changes, and are of more equable tem- 
perature, than those which are inland. The neighbourhood 
of the sea, therefore, is generally observed to give mildness 

tinues until about 3200 feet ; beyond this are the pine, the larch, and the 
common fir ; and these cease altogether at 5900 feet. In the high land 
of Mexico the upper limit of trees is the western pine, which grows at an 
elevation of 12,789 feet. 

A species of monkey ( Semnoptthecus enteUua) is found on the lUma- 
layas, at the height of above 18,000 feet. In Africa another spedet 
(AfocactM montanus) is found in the Abyssinian highlands at a height of 
6000 feet ; and in the new world, the Mycetut rv/inanut is met with oa 
the eastern declivity of the Andes, at an elevation of above 11,000 feet 
(Berghaus.) 
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and uniformity to the temperature of a climate. The differ-^ 
ence appears to depend on the different degrees of radiating 
and absorbing power possessed by land and water in respect 
to ^e solar rays. 

Mr. Hutchison observes, that the mean annual range of 
temperature of the surface of the Atlantic is only about 9°, 
while for inland continental countries in the same latitudes 
it is 100°. It is not often, however, that we meet with so 
great a range as this. According to the same authority, 
the extreme atm9spheric temperatures of day and night 
over the ocean in the equatorial regions never exceed 
3** or 4°, while upon the land the difference is 9° or 10°. 
Between the 25th and 50th parallels of latitude, the ex- 
tremes in the ^ diurnal range of temperature at sea, are 
only from 4° to 5°. Between the same paralleb on land, as 
at Paris, it amounts from 25° to 30° I Those differences are 
due, not merely to the greater capacity for caloric possessed 
by water, which, together with the loss of heat by evapora- 
tion, tends to the cooling of the air during the day, but also 
to the sinking down of the cold and the rising of the 
wanner strata during the night. It follows from this, that 
daring the summer and during the day, the land is much 
hotter than the sea ; while during the winter and at nighty 
the sea is generally much warmer than the land.* The 
great effect of evaporation consists in not* only lowering 
mean temperature, but in diminishing the effect of any ex- 
treme fluctuations from it. It has been observed; that if 
tiie entire surface of the earth were divided into 2000 equal 
parts, the land would occupy about 548 of these, and the rest 
would be water ; a proportion of nearly two and two thirds 
water to one of land. This land, it is well known, is very 
tmequally distributed. Assuming that the northern hemi- 
sphere is divided into 1000 equal parts, the land occupies 
419 of these parts, or nearly one half of the whole. If the 
soathem hemisphere were supposed to be equally divided^ 
the land would form only 120 parts, or a little more than one 
eighth of the whole. The heating power of the sun on 
land being much greater than on water, the northern hemis- 
phere has a higher mean temperature than the southern, 
and the hottest band of the earth lies more to the north than 
the south of the line ; and for a like reason the variations of 

* S«e bit Oil^ierratlon« in the Athemoum, 1837» p. 564. 

I 
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temperature are much greater in the northern than in the 
southern hemisphere. The greatest preponderance of land i» 
in the northern temperate zone; and here, perhaps, the range 
of the thermometer is far greater than in any other part of 
the globe. 

The mean temperature of the air at the equator on the 
surface of the sea is about 81^, — the sea«water being about 
83°. The mean temperature of the air on the sea between 
the 45th and 50th parallels is about 49° ; and it rarely falls 
below this temperature, even in mid-winter. The mean 
temperature of the air in the polar sea is about 18°, which 
nearly corresponds to the mean winter temperature of the 
air in the Gulf of Bothnia. 

6. Influence of Electricity. — The electrical state of 
the air must also exercise a modifying influence on the tem- 
perature of climates, although no accurate obserrations have 
been made on this point. When we know from the use of 
the thermo-electric apparatus that changes of temperature 
inappreciable to our feelings, and to the most delicate ther- 
mometer, are immediately indicated by the production of 
currents of electricity, it is only a fair inference that electri- 
city must react upon heat, and produce changes in climate 
for which we are otherwise unable to account. 

7. Influence of Clouds, Rain, and Winds. — The tem- 
perature of climates is liable to be materially affected by the 
prevalence of clouds, rain, or of particular winds. 

8. Clouds. — The effect of clouds is easily understood ; 
they tend to increase the mean temperature of a locality 
during winter, because they intercept and throw back the 
heat which at this season is so abundantly radiated from 
the earth's surface. As at this period of the year the 
earth radiates or throws off more heat than it receiyes 
from the sun, the prevalence of clouds has a remarkable 
influence on the temperature. This influence has been 
fully understood since the interesting discovery made by 
Dr. Wells relative to the deposition of dew. On clear and 
bright nights, especially at those seasons of the year when 
there is the greatest difference between the temperature 
of the day and night, — t. e, in spring and autumn, the 
earth becomes cooled by radiation sometimes as much as 
20° below the temperature of the air above it, whereby 
the whole of the aqueous vapour contained in that stratum of 
air becomes deposited under the form of dew, — a dear proof 
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of the great cooling which takes place on the earth*s surface. 
When, however, the night is cloudy no dew is deposited, the 
heat radiated from the eartfi is prevented by the clouds from 
passing into space and tends to raise the temperature of the 
air between the clouds and the earth : for this reason, 
cloudy nights in winter are warm nights. On the othfer 
hand, the effect of clouds in summer^ or during the day, is to 
lower the temperature ; because at these times the earth 
receives more heat from the sun than it radiates, and the 
access of this heat to the earth is thereby cut off: hence it 
is not difficult to appreciate the great influence which clouds 
have on the temperature of climates. Cloudless districts 
mast be parched with a burning heat in summer, and^ cateris 
paribus^ be intensely cold in winter. 

9. Rain tends to lower the mean temperature of a locality, 
and it does this partly by its falling from the higher regions 
of the air, which, as we know, are much colder than the 
lower ; and partly by its carrying off heat by evaporation, 
tending to a great cooling of the earth's surface, and of the 
strata of air immediately in contact with it. This cooling 
effect is most manifest during the summer season, at which 
time rain falls at a low temperature from a great elevation, 
and is rapidly evaporated. The line of perpetual congela- 
tion in the atmosphere in this latitude being at an elevation 
of about 5000 feet from the earth's surface, it is probable 
that the hail which frequently falls in summer is formed in 
the atmosphere at levels higher than this. In winter, if 
much rain falls, it has not the same cooling effect ; because 
evaporation takes place more slowly, and the temperature of 
the falling rain is not commonly lower than that of the earth 
and of the lower strata of air. In India the effect of the 
ihtense solar heat is moderated by the abundant rains accom- 
panjdng the monsoons. Hence, it follows that wet climates 
have, cfBteris paribus, a mean temperature lower than that 
6f dry climates : and this conclusion is borne out by ob- 
servations made in various parts of the world. The cooling 
effect of frequent rains 'may, however, be counteracted by 
the circumstance of the locality being littoral or insular. 
The differences above stated are chiefly met with in the ul- 
terior of continental and tropical countries. 
* 10. Winds. — The most complete account of the effect of 
winds on the temperatures of climates is that given by 

I 2 
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Kaemtz.* The obseryations have been chiefly confined to 
the northern temperate zone ; they were made with regu- 
larity at « London, Hamburgh, Halle, Festh, Moscow, and 
Stockhokn. The following table will show, what common 
experience testifies, that the coldest wind blows from a di- 
rection between north aAd east, while the hottest comes 
from the opposite quarter, t. e, south and west. 





Coldest Wind. 


Warmest Wind. Di£ of Temp 


London 


- N. 


- S. 12° W. . 6^ 


Hamburgh - 


- N. 30**E. 


. S. 16° W. - 5° 


Halle - 


- N. 30°E. 


- S. 17° W. - 7-5 


Pesth - 


• N. 16^ W. 


. S. 11° W. . 6-5 


Moscow 


- N. 19^ E. 


- S.42°W. . 9 


Stockholm 


- N. 2°E. 


. S. 26°W. - 11-5 



The decimals are omitted except in those cases where they 
would have affected the results by half a degree. Li con- 
tinental districts, it is found that the warmest wind, although 
blowing from the south-wesferly quarter, is nearer to the 
west. The differences produced by the winds on tempera- 
ture are more marked during the winter season, and their 
direction varies with the seasons. The coldest wind during 
winter blows from the north-east, and during sunmier from 
the north-west : while the warmest wind blows from the 
south-east in summer, and the south-west in winter. 

Li considering the causes upon which these differeQces 
depend, it is necessary to bear in mind, that winds always par* 
take of the temperature of the countries over which they blow. 
This is the well-known explanation why the north wind is 
cold, and the south wind warm ; but in fact, the coldest coun*- 
tries are situated to the east and west of north, and this gives 
a lower temperature to the winds blowing from these quar- 
ters. Other circumstances also influence the temperature of 
winds. ^ Thus in winter the warm south-westerly wind is 
charged with vapour^ which tends to check evaporation, — a 
main source of cold : this wind also brings clouds, which 
prevent radiation. The same conditions render the south- 
westerly a very cold wind in summer, —the clouds prevent- 
ing the solar heat reaching the earth, and the humidity 
leading to excessive evaporation. The southerly wind blow 
ing over the south continent favours radiation, and the 

* Court de M^t^rdogie. 
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winds blowing from th^ east at this time of the year favour 
evaporation, and cause the thermometer to fall. These 
winds have also an influence on diurnal temperature, which 
may be understood from their effect upon the seasons. 

11. Temperature op the Earth. — The most careful re- % 
searches tend to show that the temperature of the surface o^ 
our globe, including that of the air, earth, and sea, depends 
exclusively upon the quantity of heat transmitted to it from 
the sun. The heat thus received is again lost, partly by 
radiation into space, and partly by conduction downwards 
through the superficial strata. The chief loss undoubtedly 
takes place by radiation ; and it is by the amount of this, 
that we learn the temperature of the medium (space) in 
which our globe is floating. The lowest natural temperature 
hitherto observed on the earth, was determined by Ermann 
at Yakutsk, the capital of Eastern Siberia. In January, 
1829, the thermometer was observed by him to fall to 72** 
below the zero of Fahrenheit, or 104° below freezing.* 
Now, according to the laws which regulate the diffusion of 
heat, space must be at or below this temperature f ; and 
were there not an annual compensation by the heat derived 
from the sun, the surface of the earth, notwithstanding the 
assumed existence of subterranean heat, would be speedily 

^ The differende between the temperatures of the north and south 
polar regions, may be judged of from the fact that the greatest degree 

, of cold experienced by Captain Sir J. C. Ross, in February, 1842, in lat. 
7(P S. was 1 7° ; but the mean temperature of the month was 26^, and 
of the sea at the surface 29°. The latitude of Yakutsk is 61^-55 N. 

f The following explanation may be offered respecting this theory. 
When a heated body, placed in a medium like the atmosphere, cools, 
this can only happen by the tendency to an equilibrium of temperature. 
If an iron ball heated to 500° were suspended in a room, the air of 
which was always at a temperature of 500°, the ball would not cool. If 
the ball at any time cooled, so that its surface had a temperature of 32°, 
it would follow, that the air or medium must be at, or below, this temper- 
ature, for if it were above it, the ball could not, according to the laws which 
regulate the equal diffusion of heat, be below it. A point on the earth's 
suriace has been observed to fall to a temperature of 104° below freezing, 
lliis could only happen by the loss of heat radiated from the earth into 
space, or by the transmission of heat into the upper regions of the atmo* 

' sphere by the lower strata of air in contact with the surface. In either 
case it follows, that the upper regions of the air^ and the medium beyond 
them, must have a temperature at or below that to which the surfiice of 
the earth has been observed to cool. If the temperature were above this 
degree^ we should have the impossible condition of a hot body becoming 
toUt in a medium warmer t)ian itself. 

X 3 
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cooled to a temperature whicli would render it entirely unin- 
r habitable. Some portion of the heat received by the earth 
from the sun is conducted downwards by the strata ; but its 
progress is aiTested within a very short distance of the 
, -surface ; for the extent to which solar influence penetrates 
43 exceedingly small. This is determined by burying ther- 
mometers in the earth, or fixing them at different depths in 
mines and other excavations. The experiments hitherto 
made lead to the following interesting results. Diurnal 
variations of temperature are not perceived beyond two or 
three feet. Variations depending on the months or seasons 
extend somewhat lower ; and annual variations are entirely 
lost at a depth of from 60 to 100 feet, varying slight^ 
in different localities.* The maximum depth at which 
changes in the thermometer are perceptible, amounts to only 
1 -400,000th part of the earth's diameter! Upon the alter- 
nate heating and cooling of this film, which does not exceed 
the nine-millionths of an inch in a globe of three feet in 
diameter, depend all the vicissitudes of temperature in 
climates, seasons, and cycles of years. 

The extent to which the superficial strata become warmed 
by the sun must depend, — 1st, upon the directness with 
which the rays fall, — hence it is greater in the tropics than 
in temperate regions, and greater in summer than in winter f ; 

* How strongly is this contrasted with obsenrations made on the 
waters of the ocean. Captain Ross found that, in a sea 9240 feet in 
depth, the Influence of the sun*s heat was perceptible for 450 fathoms, or 
, 2700 feet I 

f It is proper to state that the air is not heated by the solar rays 
which traverse it. It derives its heat solely by contact with the surfeee 
of the earth and bodies upon it, which absorb and retain beat. This 
may appear paradoxical, but it is a law that no transparent medium 
receives or retains heat. A glass lens which, by converging the solar 
rays, raises the temperature of gunpowder to 545° and explodes it, is itself 
perfectly cold. As another illustration of this fact, it may be mentimied 
that the writer has seen phosphorus ignited by a lens of ice, the rays of the 
summer's sun being converged by the ice to a focus. Phosphorus requires 
a temperature of 1 10° to cause it to burn. It has been found that an ice- 
lens caused gunpowder to explode, although this does not occur under a 
.tempefftture of 545°. While it is thus producing a powerful heat by 
the convergence of the rays, the ice-lens itself remains at the temperature 
of freezing water, 32°. The melting of the surface of the lens during the 
e^periipent is owing entirely to the higher temperature of the sax* 
rounding air. 

Ether is a highly inflammable liquid, and boils at the low temperaUire 
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2d, upon the conducting p6wer of the strata, which is subject 
to great variation. It is, however, obvious that the depth 
to which this solar influence extends may be determined by 
the thermometer. If, below the surface of the earth, we 
-can find a stratum in which, after a long series of careful 
observations made at all seasons of the year, and at all 
^ pmods of the day and night, this instrument remains 
stationary, it is certain that we have reached a depth beyond 
wMch the power of the sun cannot extend. Such a stratum 
has been found, and it is called the stratum of invariable 
TEMPBRATUKE. Its position has been determined in some 
instances experimentally, in others theoretically. 

The most accurate observations on the position of this 
invariable stratum in these latitudes, have been made at 
Paris. In July, 1783, a very delicate thermometer was 
placed hy Lavoisier in an excavation beneath the Obser- 
vatory of Paris, at a depth of ninety feet below the surface 
of the soiL This thermometer was so sensitive to changes 
of temperature, as to allow of the measurement of what 
would be equivalent to the one-hundredth part of a degree 
on Fahrenheit's scale. 'From the observations of Cassini, 
Bouvard, and others, extending over a period of fifty years, 
tills thermometer has remained stationary at a point corre- 
sponding to 53° F., which is about a degree and a half above 
the mean temperature of the climate of Paris. On one occa- 
sion only, within the last seventeen years, it was observed 
to rise about a quarter of a degree I This was attributed 
to the effect of currents of air resulting from some exca- 
vations being made in the quarries adjoining the Obser- 
vatory. Hence in Paris the position of an invariable stratum 
of temperature is fixed at from 80 to 100 feet below the 
surface- In no other place in the world has so extensive a 

of 969, It is perfectly colourless and transparent. On throwing on it 
the solar rays by the focus of a glass lens, which caused gunpowder to 
explode in a second, the temperature of the ether was not raised, or in 
any way affected ; the beating rays met in a focus in the centre of the 
liquid, and traversed it without heating it, but caused the ignition of 
German tinder immediately, when the rays were thrown through the ether 
upon this substance. Upon projecting some powdered charcoal (an 
op^ue substance) iqto the ether, and throwing the rays on the particles 
of charcoal, the ether boiled. 

These £Acts will explaiii how it is that the air is not heated by the 
solar rays, and why an intense degree of cold must always reign in the 
upper regions of the atmosphere. 

I 4 
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series of observations been made : but from a few data, and 
from theoretical considerations, the stratum has been con- 
sidered hj Humboldt to exist throughout Europe, between the 
parallels of 4-8° and 52°, at a depth of from 65 to 60 feet. Pro- 
fessor Thomson makes its depth below the surface in England 
to be from 30 to 60 feet ; and the experiments performed by 
Mr. Fox on the mines of Cornwall, render it probable that 
in that county, it is situated at from 60 to 75 feet. 

One test which has been proposed for the invariable 
stratum, is, that its temperature should correspond to, or 
differ but little from, the mean temperature of the climate in 
which the observations are made. On this principle, Bous* 
singault fixed its position in the tropics at one third of a 
metre, or rather more than a foot belo^ the surface of the 
soil : but the recent experiments of Captain Newbold have 
shown, that this is an error ; the diurnal variation at this 
depth amounting to as much as 2°'75 F. Captain NewboM 
found the thermometer to remain stationary, in a shady 
locality, at about four feet ; a. e, at that depth the temper- 
ature corresponded to the mean of the atmosphere. In high 
latitudes, the position of the invariable stratum has not b^ 
accurately determined. The only correct observations yet 
made are those of Ermann and Baer, at Yakutsk, in Eastern 
Siberia. M. Baer ascertained that in this desolate region 
the ground is thawed, during the short summer, only to the 
depth of three feet ; below this, at all periods of the year, 
there is a band of ice, or frozen soil, which has been per- 
forated to the depth of 382 feet, but without entirely tra- 
versing it. The solar influence, therefore, scarcely extends, 
in the course of seasons, beyond three feet from the surface. 

The invariable stratum must not be considered as a Unif 
but rather as a zone, varying from 2 to 40 or 50 feet in 
thickness. Its course below the surface is probably that of 
a curve, its depth being affected by many local circqm- 
stances,-— such as the nature of the strata, the situation of 
the place, whether it be on a plain, on a mountain, or in a 
valley, — in the midst of a vast continent, or in the vicinity 
of seas, lakes, and rivers. Whatever affects the mean tem- 
perature of a place must affect its position. The influence 
of the strata in altering the position of this zone, was ob- 
served by Captain Newbold in the tropics. He found a 
constant temperature to exist at four feet depth from the 
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surface in clayey soils, but in order to obtain it in light 
mndty soils, it was neoessary to go much deeper. 

Professor Forbes has undertaken some interesting expe- 
riments on the conducting power of the strata in the neigh- 
bourhood of Edinburgh; but numerous observations are 
required in various latitudes before any satisfactory conclu- 
X sions can be drawn on the subject: neither has the proportion 
between the quantity of solar heat radiated, and that con- 
ducted downwards by the earth, been correctly ascertained. 
One fact is certain, that when the earth is heated by the 
sun, that portion of heat which is not radiated or carried off 
by the evaporation of water from the soil — a condition 
\7hich must cause the dissipation of an enormous quantity — 
is slowly transmitted to the interior;, but when the quantity 
radiated exceeds the quantity received by the earth, as 
during the night or in the winter season, then a portion of 
that which has been conducted downwards must again 
return to the surface and be dissipated. Hence there will 
be a succession of waves of caloric descending or ascending, 
according to the temperature of the earth's surface. The 
quantity that descends must be small, and it will finally ineet 
the ascending currents of caloric proceeding from the in- 
terior of the globe, whereby an equilibrium will be esta- 
blished. 

12. SusTERRAKEAN HBAT If a thermometer be earned below this invari- 
able stratum, it immediately begins to rise, and in a degree subject to some 
iocal exceptions, proportioned to the depth to which it is carried. It is 
obvious that this increase of temperature cannot be due to solar influence. 
•— 1. Because the existence of a zone of invariable temperature shows 
that the power of the sun must be limited to that portion of the earth's 
erust which is above it. 2. Because, if the interior heat of the mass of 
the earth were due to externa) or solar influence alone, the thermometer 
should fall just in proportion as we descend below the invariable stra- 
tum : but the reverse of this is the fact. Hence we are led to the con- 
clusion, that in going below the invariable stratum, we are approaching 
some great source of heat, which must be situated within the interior of 
oar globe. 

It is not to be supposed, however, that the same increase is observed 
at equal deaths in all places. As there are isothermal lines over the 
surface, so there are isogeothermal lines below it. Thus it was observed 
that among Ave of the principal mines of Cornwall, in three the air had 
a temperature of 64*^ at 500 feet below the surface ; but in two of them 
it was necessary to go to the depth of about 700 feet, in order to obtain 
this temperature. An itogeotherTnal* line is, therefore, a^curve of equal 

* urSsi equal, 7^, the earth, dipnv* heat ; a line of equal temperature 
in the earth. 
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temperature below the invariable stratum, and when widely distant plaeet 
are taken, considerable deviations are found. Thus, in the latitude of 
Paris, it was ascertained, by sinking the well of Crenelle, that in order to 
obtain a temperature of 729, it was necessary to go to the depth of 1S0O 
feet. In the Monkwearmouth mine, near Sunderland, the same Ipnpe- 
rature was obtained only at 1500 feet; in Joseph's well, at Cairo^ at the 
depth of 210 feet : in the tropics this temperature exists stiU nearer the 
surface : in Siberia it is scarcely possible to assign the depth at which 
tliis temperature would be obtained, since at 400 feet the temperature of 
the strata begins to rise only above the freezing point. Making all due 
allowance for elevation and depression above the sea level, it is obvious 
that there must be great irregularity in these isogeothermal lines, or lines 
of equal terrestrial heat Judging by the temperature of water, in tome 
Artesian wells, there is a near approximation ov&r great distances. 

The existence of subtebranxan heat is an old hypothesis. Cosmogo- 
nists have imagined that the whole earth was once in a state of fusion j 
and that, as a result of attraction and rapid rotation on its polar axis, it 
assumed in its semiliquid condition, the form of an oblate spheroid. 

The sources of proof upon which the existence of a high temperaturt 
within the interior of the earth is made to depend are: — 1. The progres- 
sive ris6 of the thermometer as we descend into mines and other deep 
excavations, below the level of the sea. 2. The high temperature of the 
water which issues from Artesian wells carried to a great depth. S. Hie 
high temperature of natural thermal baths and springs. 4. The pheno* 
mena which accompany volcanic eruptions and earthquakes. 

In considering these facts it is necessary to bear in mind that we know 
but little concerning the structure of the earth, and it cannot be said that 
we have yet penetrated into the interior. 

The depth to which we have actually penetrated the crust of the earth 
below the level of the sea is barely half a milef t. e. in the deepest mine, 
not more than 1 -1 6,000th part of the earth's diameter! and the greateft 
depth at which the temperature of the sea has been measured u 12,4S0 
feet. This is about two miles, or only 1 -4000th part of the earth's 
diameter. 

To whatever conclusion we may come respecting the existence of sub- 
terranean heat, it appears certain, so far as our present means of observa- 
tion will enable us to judge, that all the phenomena connected with 
temperature on the surface of the earth are explicable on the supposition 
that they are entirely due to the balance which exists between the hett 
received from the sun, and that which is radiated into space or conducted 
. downwards into the strata. This is proved by the fact, that daily and 
monthly changes of temperature correspond, cateris paribus^ with the poa- 
tion of the sun : and the mean annual temperature, making due allow- 
ance for local circumstances, is dependent on the quantity of solar hett 
received. Probably a century of accurate observations, nuule with the 
thermometer, would show that our globe had become neither perceptibly 
hotter nor colder. Some have asserted that the climate of Europe hu 
become colder, while others have thought that it has become hotter dur- 
ing the last 2,000 years. Had the thermometer been known to the 
Romans, and registers kept, we might now have before us the elements 
ibr solving this interesting question $ but in the absence of correct data, 
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the two conflicting o^HDions may perhaps be fkirly regarded al neutralis- 
ing each other. Signor Libri, of Florence, has shown, by comparing 
OUT modern thermometers with one of those early instruments con- 
itnioted by the Aeademia del Cimento, in 1667, that no change whatever 
bftd taken place in the climate of that part of Italy during the last 800 
yeaics. According to Arago, the temperature of the earth cannot have 
varied 90 much as the <me three-hundredth part of a degree of Fahren- 
heit ^ce the days of Hipparchus, a period of about 2,000 years, or there 
would hnye been a perceptible change in the length of the day. This 
▼lew is founded on the assumption, that a heated spherical solid contracts 
in cooling* and that by a diminution in the bulk of the earth, there 
would be a decrease in the length of the polar and equatorial axes, and 
eoDsequently a measurable difference in its period of revolution. The 
contracting power of the earth in cooling is, for the purpose of this cal- 
culation, assumed to be equal to that of glass. This principle is correct 
to a certain extent, but some recent observations, made on the cooling of 
^beroidal masses from a state of fusion, show that so ^oon as an external 
eoherent crust is once formed, there is no longer a contraction in bulk, 
but a vacuum actually occurs in the interior of the sphere. * 

The following conclusions appear to be justified by the facts hitherto 
tscertained respecting the heat of the globe : — 1 . That at a certain 
depth below the surface of the earth, there is a source of heat which pro- 
gressively affects the thermometer as we descend. 2. That this interior 
heat cannot be derived from the sun or from local chemical changes. 
S. That it does not directly affect climates or seasons, or perceptibly in- 
fluence the temperature of the surface of the earth, the depths of the 
ocean, or the atmosphere floating above them. 4. That the vicissitudes of 
climates, seasons, and cycles of years, are due entirely to solar influence. 
5. That this influence, even at a maximum, does not penetrate to a 
greater depth than the 1 -400,000th part of the earth's diameter. 6. That 
although we have positive evidence of the existence of subterranean heat, 
we can neither measure its degree, nor, at present, determine its exact 
ratio of increase downwards into the interior. 7. That there is not the 



* The mean deruiti/ of the earth, as determined by pendulum experi- 
inents, is nearly six times that of water, or 5 '66y according to the expe- 
riments of the late distinguished philosopher, Mr. Francis Bailey ; but 
the average density or specific gravity of the rocky masses composing the 
crust of the globe, is less than three times that of water, — about 2*5 to 
2*8. The density of the earth, therefore, is much less than that of all 
the common metals, and falls between the specific gravity of Tellurium 
(6i) and Titanium (5*3). Hence we have reason to believe, that while 
the substances composing the mass of the globe are heavier than those 
which form the surface, they are considerably lighter than tin, iron, lead, 
and other common metals. It was this result, combined with the theory 
that the density of bodies should increase as we approach the centre of the 
earth, which led the celebrated philosopher. Professor Leslie, to suppose 
that the globe must be a hollow sphere, and that we are living upon a 
shell, the thickness of which bears only a very slight proportion to the 
earth's diameter 1 

I 6 
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■lightest eyidence to show that the earth is gradually codling firom a high 
temperature, or that, within the last S,000 years, its temperature has 
undergone any increase or diminution. 

Admitting that we are living upon the mere shell of a heated mass cX 
matter, some thousands of miles in thickness, we have no evidence to 
show that this is allowed to exert any influence except for beneficial pur- 
poses. Without this internal heat, that which is transmitted to us firooi 
the sun would be continually conducted downwards into the interior, and 
be lost. The invariable stratum, therefore, appears to act as a kind of 
barrier to the too rapid transmission of this solar Iieat, and thus preserves 
to the superficial strata, that temperature which is necessary to the sup- 
port of animal and vegetable existence. Hence that which some philoso- 
phers have been inclined to regard as a great element of destruction, 
may, in reality, be the means of our preservation. 
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PARTIL 

THB ELEMENTABT PRINCIPLES OF ASTBONOHY. 



Astronomy is the science which treats of the natures, 
motions^ and mutual relations of the heavenly bodies. 



Chapter I. 

The General Appearance of the Heavens. 

If during a clear night, and from a spot whence the horizoh 
is visible, we contemplate with attention the face of the 
heavens, it Will be observed to undergo a continual change. 
Some* stars will be seen ascending, others descending ; some, 
as the Pole-star, and the stars of the Great B^ar, never 
touch the horizon in these latitudes. During these move- 
ments, the relative position of the stars undergoes no change. 
They describe parallel circles which are of smaller extent, in 
proportion as they are nearer to a certain point, which ap- 
pears fixed. In fact the general appearance of the heavens 
IS that of a vast concave sphere, turning on two imaginary 
fixed points, diametrically opposite to each other. These 
imaginary fixed points are called the Poles ; the pole above 
our horizon is called the North Pole ; the pole opposite to it 
the South Pole,* 

Each star attains its greatest height, or culminates, at the 
point in which its apparent path intersects the meridian, an 
imaginary great circle drawn through the poles and the 
zenith. (See Befs. 6, 27.) 

A very few of the heavenly bodies will be seen, if observed 
for any length of time, to change their position relatively to 
the other stars ; these are the sun, the moon, the planets, or 
wandering stars, and comets. 

The moon makes a complete circuit of the heavens in the 
course of a month ; and though she appears to rise and set 

* La Place, Systeme du Monde, eh. u 
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daily like tiie stars, and to move from east to west, yet, com- 
pared with them, she will be found to have a retrograde or 
backward motion towards the east to the extent of about 13° 
daily ; that is, if on any ni^ht she be seen in conjunction 
with a fixed star, the next night she will appear about 13° 
to the eastward of that star, the following night 26P, and 
so on. 

The sun has a similar apparent retrograde motion, though 
only to the extent of about 1° daily. He consequently takes 
a whole year to complete the circuit of the heavens. 

The planets, as compared with the fixed stars, appear to 
move, sometimes towards the east, sometimes towards the 
west ; and, at other times, for several nights together, they 
will appear stationary. 

Owing to the apparent retrograde motion of the sun, every 
fixed star will rise about four minutes earlier each succes- 
sive day. (See Defs. 56, 57, 61.) It will be seen- that, 
owing to this cause, every star (wijh the exception of the 
circumpolar stars, or those which never set in our latitude) 
will at some period of the year appear just above the horizon 
at sunset, and will then be seen to the best advantage during 
the night. It will then continue to rise earlier by four 
minutes every sucessive day, and will of course be visible 
for a correspondingly shorter period during the night, until at 
length it will rise simultaneously with the sun, and will be- 
come invisible during the whole or the greater part of its 
course*, its light being obscured by the sun's greater bright- 
ness. Subsequently it will come upon the horizon earlier 
than the sun, and will in consequence be visible before sun- 
rise. After the completion of a year it will rise at sunset 
as before. 

It has been already shown, {Part I., Chap, 3.), that the 
apparent diurnal motion of the heavens is caused by a real 
rotation of the earth on its axis, and that the apparent motion 
of the sun arises from a real motion of the earth round that 
body. It will be shown in a subsequent chapter, that the 
planets, like the earth, revolve round the sun, and that the 

• If the star be nearer the pole than the sun, or, in other words, if its 
declination be greater, it will describe a larger arc above the horizon, and 
trill consequently be .above the horizon longer than the sun. It will, 
therefore, be invisible only during the greater part of its course. If its 
declination be not greater than that of the sun, it will, when rising with 
tb sun, be invisible. during the whole of its course. 
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apparent irregularity of their movements arises from the 
drcumstance that the earth itself, from which our ohseira* 
tions are made, is continually changing its position in space* 
It will also be shown that the apparent motion of the moon 
is caused bj a real motion round the earth, similar to that of 
the latter body round the sun. It has been ascertained that 
some of the planets, also, are accompanied by moons, or, as 
they are usually termed, satellites^ that is, attendant stars* 



Chapter II. 

Of the Situation of the principal Constellations, and the 
Manner of distinguishing them from each other. 

The distance of the fixed stars from the earth is so great, 
that the most powerful telescopes have been unable to ascer- 
tain any apparent magnitude even of the brightest among 
them. As, however, to the unassisted eye, a distant light 
always appears large in proportion to its brightness, astro- 
nomers have divided the stars into orders of magnitude, 
which might more correctly be termed orders of splendour. 
The brightest stars are called stars of the first magnitude ; 
iEhe next to these in splendour, stars of the second magni- 
tude, and so on. Those of the sixth magnitude are but just 
perceptible to the naked eye. Those which cannot be dis- 
c^ned without the aid of telescopes, are termed telescopic 
stars, and are divided into the seventh, eighth, &c. magni- 
tudes. 

There are 20 stars of the first magnitude, 76 of the se- 
tond, 223 of the third, 510 of the fourth, 695 of the fifth, 
and 1604 of the sixth magnitude. Consequently the num- 
ber of fixed stars visible to the naked eye is 3128. It will 
be observed that more than half of these are of the sixth 
magnitude, and that the number of stars of each magnitude 
rapidly increases as the magnitudes diminish. This rule 
holds good with the telescopic stars also. 

The stars were in early times divided into different groups, 
called .constellations, (See Def. 91.) The names given by 
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the ancients to these groups hare for the most part been re-, 
tained to the present day. A list of the constellations is 
given in the first part of this work. 

The stars composing each constellation are noted (see 
Def. 94,) by the letters of the Greek alphabet, a, /3, y, &c., 
in the order of their magnitudes ; and when the number in 
any constellation is so great as to need further notation, by 
the letters of our alphabet, and by numerals. Several of 
the principal stars are still known by the names given them 
by the Arabian astronomers : thus, a Orionis is called Be^ 
telgeux, /3 Orionis Rigel, &c. 

A knowledge of the principal constellations in the heavens 
will be an useful acquisition to the student, and this know- 
ledge will be best obtained by noting the hour at which 
they come to the meridian at different times of the year. 

The time of culminating of each of the zodiacal constella- 
tions is given on the opposite page, and likewise the semi- 
diurnal arc, by which the times of rising and setting may be 
ascertained with sufficient accuracy for practice. In the fol- 
lowing description, the principal constellations which cul- 
minate with the zodiacal constellations are pointed out, and 
their relative positions with respect to each other are shown ; 
so that the time of their coming to the meridian on any given 
day of the year may be found without difficulty. 

The Constellations and Principal Stars (visible at £,ondon) 
which culminate with the Zodiacal Constellations^ are the 
following y commencing from the Southern Horizon. 

1. With Aries (a): — The neck of Cetus, Triangulum, 
y AndromedoB {Almach), the head of Perseus, and the feet' 
of Cassiopeia ; a Ceti (Menkar), Musca, the head of Medusa, 
the body of Perseus, and the tail of Camelopardus,' cul- 
minate three-quarters of an hour after a Arietis. 

2. With Taurus (a, Aldebaran) : — Part ( f Eridanus and 
Camelopardus. a Persei (Algenib) culminates an hour and 
a quarter, and the Pleiades three-quarters of an hour before 
it; /3 Orionis {Bigel)^ and o Aurigse (Capella) about half an 
hour afte^ it. 

3. With Gemini (a. Cantor) : — Canis Major, Monoceros, 
Canis Minor, and Lynx, a Canis Majoris (Sirius) cul- 
minates three-quarters of an hour before Castor; a Canis 
Minoris {Procyon) about six minutes after it. 
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4. With Cancer (a, Acubene): — The head of Hjdra» the 
tail of Lynx, and the head of the Great Bear. 

o. With Leo (a, ■ Cor Leonts or Regulus) : — Part of 
Hydra, Leo Minor, and the shoulder of the Great Bear, o 
and /3 Ursas Majoris cubninate an hour after Regulus. 

6. With Virgo (a, Spied): — The middle star in the tail 
of the Great Bear (f Ursae Majoris, Mizar), Coma Be- 
renices and Cor Carol! culminate an hour before Spica ; a 
Bootis (Arcturus) about an hour after it. 

7. With Libra (a, Zuben el Chamali) : — The left leg and 
head of Bootes. The head of Serpens, and Corona Borealis 
culminate three-quarters of an hour after a LibraB. 

8. With Scorpius (a, -^ntorc*):-?- The left arm of Ophiu- ' 
cus, and the club and body of Hercules. 

9. With Sagittarius (I) : — Scutum Sobieski, the left hand 
of Hercules, the head and body of Draco, and the pole of the 
ecliptic, a Ljrrae ( Vega) culminates a quarter of an hour 
after S Sagittarii. 

10. With Capricomus (j3, Deneh Algedi) : — The bow of 
Antinous, Yulpecula et Anser, and the neck and body of 
Cygnus. a Aquilse (Atair) comes to the meridian half an 
hour before /3 Capricomi ; the head of Delphinus a quarter 
of an hour after it. 

11. With Aquarius (a): — The feet of Pegasus, Lacerto, 
and the bead of Cepheus. a Piscis Australis (Fomalhaut) 
culminates three-quarters of an hour after o Aquarii ; a Pe- 
gasi (Markab) and /3 Pegasi {Scheat) an hour after it, 

12. With Pisces (a): — As this star culminates with the 
head of Aries, the stars culminating with it will be the same 
with those mentioned as culminating with Aries, a Arietifl 
culminates a few minutes after a Piscium ; j3 and y (Jfef* 
artim) a few minutes before it. a Andromedae (Alpherat) 
comes to the meridian nearly two hours, jj Andromedad (ift- 
rach) about an hour after it. 

If the student observe the heavens in the month of 
January, about ten o'clock in the evening, when the iStars are 
shining brightly, he will perceive towards the south the 
group called the Pleiades : to the left hand of this, a little 
lower down, is Aldebaran, a remarkable star of a reddish 
colour in the head of the Bull, close to which star, a little 
above on the right hand, lie the Hyades. {Plate IX. Fig, 1.) 

Further to the left hand and a little higher than the 
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Pldades, is ihe constellation Auriga, which is represented in 
Plate IX. J^tg. 2. 

The highest star towards the right hand is Capella, a star 
»f the first magnitude. 

A Hne drawn from Capella through the star marked /3 in 
he northern horn of the Bull, and continued in the direction 
)f the horizon, will pass through the middle of Orion, 
rbis, the most hrilliant and conspicuous of the constellations, 
rill readily be recognised from the figure (IX. 3.). It con- 
Bins two stars of the first, and four of the second magni- 
;Qde ; viz., a, Betelgetix, in the right shoulder, and /3, Rigely 
n the left foot, hoth of the first magnitude ; 7, Bellatrix, in 
the left shoulder, and ^, e, and ^ forming the helt, all of the 
second magnitude. 

About 26° from Betelgeux, towards the left hand, is a 
Canis Minoris, or Procyon, a star between the first and se- 
Dond magnitudes. Nearer to the horizon, and forming an 
aqailateral triangle with Betelgeux and Procyon, is o Canis 
Mtajoris or Sirius, the brightest of the fixed stars, of a bril- 
liant white colour. 

To the left hand of Auriga, and forming an almost equi- 
lateral triangle with Capella and Aldebaran is a Geminorum, 
[>r Castor ; near it, a little below on the left hand, is /3 
Greminorum, or Pollux, both of the second magnitude. Four 
Jtars will be observed in a line, bisecting at right angles 
I line drawn between Bellatrix and Castor ; these are the 
four feet of Gemini. 

To the right hand of Auriga, above the Pleiades, and in 
I line with Castor and Capella is a Persei, or Algenib, a 
bright star in the breast of Perseus ; further to the right is 
l^ibidromedse or Almach ; these two stars with /3 Persei or 
Algol, a star in the head of Medusa, form a right-angled 
Isosceles triangle, Algol, the star in the right angle, being 
the nearest to the Pleiades. A line drawn from the Pleiades 
:brough Algol will pass through Cassiopeia. This constella- 
ion is usually described by the figure of an inverted chair ; 
its five principal stars, which are of the third magnitude, 
form a capital W, roughly made. 

To the right hand of the Pleiades, at a distance of about 
12^, is a Arietis, a star of the second magnitude ; a line 
Irawn from the Pleiades through this star will pass through 
iPegasi, or Maiiutb. The constellation Pegasus is very 
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remarkable : it contains four stars of the second magnitudei 
three of which, a, or Markab ; /3, or Scheat ; and 7, or Al- 
genib, together with Alpherat in the head of Andromeda, 
also of the second magnitude, form a large square. The 
highest star towards the right is Scheat ; it may be known 
by a kind of isosceles triangle formed by three stars, on 
its right hand. A line drawn from Algenib through 
Markab will pass a little above e Pegasi, the remaining star 
of the second magnitude in that constellation. A line join- 
ing Alpherat and Almach will pass through j3 Andromeda 
or Mirach. (See Plate IX. Fig. 4.) 

K the student stand facing the north, he will perceive 
Ursa Major, or the Great Bear, to be after Orion the most con- 
spicuous constellation in the heavens. Being one of the 
constellations which never set in our latitude, it may be 
seen every fine starlight night. In Plate IX. Fig. 5, are re- 
presented the seven most remarkable stars in this constella- 
tion, as seen when it is below the Pole : five of these are of 
the second, one of the third, and one of the fourth magnitude. 
The two marked a and fl are called the Pointers, because a 
line drawn from /3 through a passes a little to the lefb of a 
bright star of the third magnitude, distant about 1® 31' from 
the north pole of the heavens, -and called, in consequence, the 
Pole Star. This is the principal star in the constellation 
Ursa Minor. 

Ursa Minor, or the Little Bear, closely resembles the 
Great Bear, inverted ; its stars, however, are far inferior in 
brightness. An imaginary line bisecting at right angles the 
line which joins a and 3 in the Great Bear will pass between 
/3 and y in the Little Bear. 

A knowledge of these constellations will assist the student 
in ascertaining the position of others. For instance, the tail 
of Draco lies between Ursa Major and Ursa Minor. An 
imaginary line drawn through 3 and y in Ursa Major, south- 
ward, will pass through the brightest star in Leo Minor, and 
through Regulus, a star of the first magnitude in Leo Major. 
Eegulus is easily distinguishable, being the southernmost of 
four bright stars. 

From the foregoing description, with the assistance of a 
celestial globe or atlas, it is presumed the learner may acquire 
a knowledge of the principal constellations which appear in 
the heavens during the winter. Those which present them- 
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gelves In the summer are less conspicuous, but the most 
remarkable among them may be distinguished bj the aid of 
the following description : — 

H any one observe the heavens about ten o'clock in the 
evening at the beginning of May, be will see the Great Bear 
Dear the zenith. To the right hand of the pointers in the 
Great Bear, and near the horizon, are Castor and Pollux, 
and farther to the right hand is Auriga. These have been 
iheady described. The line above mentioned, <lrawn from 
2 and 7 in Ursa Major, through Leo Minor and Regulus, 
will, if continued, pass through Cor HydrsB. Near the 
horizon, to the right of Cor Hydrae, is Procyon in Cania 
Ifinor : these three stars form a nearly isosceles triangle, of 
which Procyon is the vertex. At nearly the same distance 
frmn Cor Hydras on the left, that Procyon is on the right, 
will be found the constellation Crater or the Cup ; beyond 
C^ftter, in the same direction, is Cor v us, the Crow, forming a 
longhly drawn parallelogram. A line drawn from a in the 
Gmt Bear through y in the same constellation, will pass by 
Coma Berenices, and afterwards through Spica Virginis, a 
star of the first magnitude in the Virgin's left hand. Spica 
Vnginis, Arcturus, the principal star in Bootes, also of the 
first magnitude, and Deneb, in the Lion's tail, of the second 
magnitude, form an equilateral triangle, of which Arcturus 
is in the most elevated angle, while Deneb is situated towards 
the right hand. Leo, Virgo, and Coma Berenices, with 
Arcturus and Cor Hydrae, will easily be recognised from the 
representation. (Plate IX. Fig. 6.) 

A line connecting 'the first and third stars in the tail of 
the Great Bear (c and rf) will pass through Corona Borealis, 
the six principal stars of which form a semi-ellipse, one star 
heing of the second, the other five of the fourth magnitude. 
A line drawn from Arcturus through Corona Borealis will 
pass through the body of Hercules, beyond which, in the 
same direction, is the bright star Vega, in the constellation 
Lyra. Below Corona Borealis is Serpens ; below Hercules 
O^hiuchus, or the Serpent-holder. When Hercules or Corona 
Borealis is on the meridian, Arcturus will be on the right 
hand, Vega on the left. Vega, Atair, or a Aquilae, and the 
Jiead of Delphinus or the Dolphin, form an isosceles triangle, 
ihe vertex -of which is Vega. Atair is easily recognised, 
being a star of the first magnitude, lying between two of the 
third magnitude, all three being near together, and in a 
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Straight line ; the Dolphin lies to the left hand of Atiir, 
rather nearer the Pole, and contains five stars of the fourth 
magnitude, arranged in the form of a capital F rougUy 
made, the loop of the letter heing turned towards Yegik 
Above the Dolphin, and to the left hand of Vega, is Cjgnni^ 
or the Swan, a remarkable constellation in the Milkj-wsf, 
in the form of a large cross ; it contains one star of the secoid 
magnitude, called Deneb. Below Cjgnus is Pegasus, whidi 
has been already described. 

On the convex surface of the celestial globe the figures o( 
the constellations, and the positions of the stars genersltf} 
are reversed, those which appear to the right hand on.^ 
globe being to the left hand in the heavens, and vice 
In the preceding account their positions are given as 
in the heavens. 

The Galaxy, or Milky-way, is a luminous band, wliidi 
may be seen any fine evening stretching across the §^ &m 
horizon to horizon. It forms '* a zone, completely encirciiB|f 
the whole sphere, almost in a great circle. It is divided k 
one part of its course, sending off a kind of branch, wiaeb 
unites again with the main body, after remaining disditfl 
for about 150 degrees. It is found, when examined throqgk 
powerful telescopes, to consist entirely of stars scattered \tf 
millions, like glittering dust, on the black ground of ibB 
general heavens." * 



Chapter IIL 

The Method of measuring the AltittideSy Zenith Distant^ 
8fC. of the Heavenly Bodies; including a Description ofAi 
Astronomical Quadrant, Circular Instrument^ TtomA 
Instrument, Micrometer, Sfc, 

m 

THE ASTRONOMICAL QUADRANT. 

The annexed figure is a representation of the astronomieil 
quadrant. The arc bh, which is usually constructed of bnsi^ 
is a quadrant or fourth part of the circle whose centre il Oi 
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ind whose radius is eqaal to Ch or cb. It is divided into 

ninetjr equal parts, or degrees, and ettch degree into ns manf 

nutdtoi' parta as the 

size of the instrument 

will admit. The qua- 

dnbt ia so placed that 

the line cb ahalj coin- 

dde with a plumb-line, / 

OF hanging from c, f 

that is, that cb sh^ ^ 

be Tertical, CH hori- 

lootal, and in the plane 

of&e horizon, t^ is 

t, telescope, moveable 

ibont the centre c. 

Now, if the plane 
of the iDStrument be 
B»do by proper adjust- 
ment to coincide with 
the plane of the me- 
tidiao, and the plnmb- 

Hna OP to coincide with cb, that ia, to hang accuratel; 
net the division marked 90°, it is obvious that if the 
telescope be directed towards n star s in the plane of the 
meridian, the number of degrees between h and x on the 
qnadtant will mark the star's altitude os on the meridian, 
mi the number of degrees between T and b will mark its 
lenith distance sz ; for the imaginarj quadrant oz of the 
meridian is supposed to be similarly divided to the quadrant 
HB, and to couttun 90° between the horizon at o and the 
miitb z. If the star be in the horizon, the telescope will 
enncide with Gh; if the star be ia the zenith, the telescope 
will coincide with cb. In the figure annexed the telescope 
is directed towards a star, having about forty degrees of , 
altitude. 

The quadrant may, of course, be placed in the plane of 
any vertical great circle ; it will then measure altitudes in 
that circle. 

THE CIBCm-AB DJaTKDMENT. 

The astronomical quadrant is now generally superseded 
by the drcular instraraeat, a representalicn of which is givoi 
in Plato VL 
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In this instrument the quodnuit is replaced by a compteto 
vertical circle, to which the telescope cd is attached, coin- 
ciding with its diameter. The semicircle on either side of 
CD is divided into two quadrants, which are graduated, us 
the qaadrant just aow described, the division 90° being 
marked at either extremity of the diameter which coincides 
with the telescope, the division 0° at either extremity of thfl 
diameter perpendicular to it> The circle and telescope mors 
t<gether round the centre. 

When the telescope is horizontal, tliat is, in the plane qf 
the horizon, the divisions marked V will be at z and K> 
When it is vertical, the divisions marked 90° will be at tboM 
points. If the telescope be directed to any star, the arc tit 
the circle intercepted between m and the lower part of the 
telescope will show the star's zenith distance; the arc tnter> 
cepted between H and the lower division marked 0^ will 
show its altitude. From the meridian altitude of a star at a 
place of known latitude, the star's declination and polar dis- 
tance may easily be deduced. 

The telescope cd is provided with a reflecting eye-piece, 
to admit of the convenient observation of stars in or near the 
zenith. At M is a vernier*, by which, with the aid of a 
microscope, the positiDn of the star is read off with great 
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&c., of Rye minutes each. Let 
■HI be another limb of equal ex- 
tent, divided into five puts. In 

consequence of the relation of n / *' " '^ . 

Ibece diviaiona, wa lee that the 

line fb will be fiirther adTanced than H b; a liflh part ; p e bv two- 
fifthat kd by tl^ree-flfths; me by four-fifths, and is b; finsflA^ «r 
■ whole diviBion. Rj this means each of the diiiaiona, ae, ac, inaj>a 
diiided into five parts or minute^ by ahifting the miweahlo limb (nc 
twratV) HI to any part of the quadrant where the BubdiTiuaD Sm n- 
quired." (Library of Uitfid KitawUdgt, Natural Phibm^lif, Vol. L Gloa- 
•aiy. ) The above is a description of the original form of the vemSer. 
Aa it ia at preaenl oonatructed, the number of BubdiTiaiona of the more- 
able scale exceeds tlkat of the subdiTiaioni al the filed scale by oM. 
ioMead of the contrary. 
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minuteness. The circle is moved by the screw o, slowness 
of moyement in the instrument being essential to an accurate 
adjintment of it. 

The base of the instrument has a horizontal motion, pro- 
dnced by turning the screw at o. This circular base is 
placed in an accurately horizontal position by means of the 
screws b, e, e, any error in its level being detected by means 
of the two spirit-levels s, s, at right angles to each other. 
By means of the d^rees marked on this horizontal circle 
the azimuths of celestial objects are obtained. 

The object-glass of the telescope both in this instrument 
and in the quadrant being a wide field, capable of admitting 
a star in several different positions, it is necessary that some 
means should be found of accurately marking its ceptre. 
For this purpose wires are extended across it, both in a 
hoiizontal and in a vertical direction, two of which intersect 
exactly in the centre. Care is taken in observation that the 
star be accurately on the point of intersection of these two 
wires. 

The astronomical quadrant and the circular instrument 
are sometimes permanently fixed to a horizontal wall in the 
plane of the meridian, and are then called respectively the 
fnnral quadrant and mural circle. 

The Tkansit Instrument. 

The transit instrument is, as its name imports, an instru- 
ment for marking the time at which a heavenly body crosses 
the meridian of the place of 
observation. It consists of a 
small telescope, ab, turning 
upon a pivot in the plane of 
Ae meridian. Across the ob- 
ject-glass are five equidistant 
vertical wires, and one hori- 
zontal wire, the middle ver- 
tical wire intersecting the 
horizontal in the centre of the 
olgect-glass. The imaginary 
line joining the centre of the 
eye-glass with the centre of the object-glass is called the line 
<^ eoUwuition, and, when the instrument is properly a^usted, 
Ues in the plane of the meridian. 
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By means of the index n^ which marks the «ig)e of ^ye- 
tioa of the telescope^ the instrument is so a^iusted, that ihe 
star, whose transit is to be observed, shall pass as nearly as 
possible across the centre of the object-glass. At the moment 
at which it crosses the middle wire, it is in the act of culmi- 
nating or passing the meridian. This instant is immediate^ 
noted by the clock. To guard against error, howeyer, (be 
moments of its passing all five wires are noted. 

The quadrant or circular instrument may, when placed in 
the plane of the meridian, be made to serve the purpose of a 
transit instrument, since their object-glasses are, like that of 
the transit instrument, furnished with equidistant yertieil 
wires, one of which passes through the centre. 

The Micbometeb. 

The micrometer is a contrivance for measuring the dis- 
tance between closely adjacent stars, or the diameters of the 
sun, moon^ and planets. It consists of two parallel wires^ 
one at least of which must be moveable, stretching across 
the object-glass of a telescope. In observing the breadth of 
the disc of any body, the instrument is so placed that one of 
the wires shall touch the circumference of the body <m one 
side ; the other wire is then moved by a screw until it 
touches the circumference on the other side. The portion 
of the object-glass occupied by the body is thus found, and 
the power of l£e telescope being known, the arc occiqpied by 
its diameter in the heavens is known also. In a similar 
manner the distance between two stars may be found, vii^ 
by 80 adjusting the micrometer that one star shall be on each 
wire, care being taken that the line joining the stars be at 
right angles to the wires. 

It is Sometimes necessary to note not only the distanee 
between two adjacent stars, but also their relative positiona. 
For this purpose* a fbsied wire ab is stretched acroas the 
centre c of the object-glass. Another wire db is moveabte 
round the centre c. The circle abd is divided into degrees, 
minutes, &c. 

The telescope being so directed that one of the staamMas 
in the centre c, the wire db is turned round by a screw ustil 

* Ango: Annuaire du Bureau des Longitudes, pout Taa las^p* 
252. 
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it oome cm the other star s. The number of degrees and 
smaller divisions contained in the arc A e is then noted down. 
The distance os may be 
fimnd bj the micrometer 
above described. It will 
jbe seen, that hy means of 
these two instruments it is 
possible to note with exact- 
ness the relative position 
of any two stars, which 
are near enough to each 
otiier to come at once with- 
in the object-glass of the 
telescope. The micrometer, 
as was mentioned above, is 
used for several purposes : 
the principal use of the instrument last described will be 
shown in the following chapter 




Chapter IV. 

(Jftke reed and apparent Motions of the Stars; of their 
Colours; of Variable Stars; and of Astral Systems, 

The statement that the so-called Fixed "Stars undergo no 
chabge of position is not accurately correct : in the course 
of an attentive observation through a long series of years, 
vejy slight changes are observed, some of which are to be 
ascribed to real motions of the stars themselves, the rest to 
apparent motions, produced by other causes. The causes of 
i^parent motion are, the Precession of the Equinoxes, the 
Nutation of the Earth's axis» Aberration, and Parallax. 

Precession op the Equinoxes. 

It has been already stated (Def. 64), that the point of in- 
tersection of the ecliptic with the equinoctial has a retro- 
grade motion of 50*1'^ in a year, and that consequently a 
revolntion of the equinoctial points will be completed in 
about 25,868 years. During this motion the ecliptic and 
equinoctial preserve their common centre, and their axes 
remain inclined to each other at a constant ^n^l^ ^ ^\ 

ML 2 
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degrees. Consequently tbe pole of the equinoctial will intiiis 
period of 25,868 years describe around the pole of the eetiptifiy 
as centre, a circle of 234 degrees radius. Hence every star 
upon or close to this cirde will in its turn become the pols- 
f^tar for the time being, that is, will be the nearest to the 
north-pole of the equinoctial. The .present pole-atar i^ 
a.JJraad Minoris, which is about 1° 31" from the pole. , J$i^ 
nearest approach to the pole will be when its longitu^^ is. 
90°, which will be in the year 2103. It will then be within 
half a degree of the pole. After the lapse of about 12,000 
years, a LyrsB will be the pole-star, being then within about 
5° of the pole. ' ■ 

Owing to the precession of the equinoxes, the right aacei^ 
sion and declination of the stars are continually varying, 
inasmuch as they are measurements depending on the equi- 
noctial, which is continually changing its position : the Ion-' 
gitude of every star receives an uniform annual increase of 
50' V^, since the point on the ecliptic from which it is mea- 
sured retires yearly by that distance; while the latitude of 
the stars, being independent of the equinoctial, remains tm- 
ultered. 

The effect of the retrograde motion of the point of inter-' 
section of the equinoctial with the ecliptic is to bring fi^i^ 
i^un earlier upon the equinoctial than would otherwise be tbe 
case. It is for this reason that this motion is termed'fbe 
precession of the equinoxes. * 

The cause of precession is as follows : the earth, being nor 
oblate spheroid, thicker at the equator than at the poles, may 
be roughly represented by a perfect sphere, surrounded by 
a broad band of matter, inclined to the sun's orbit at an 
angle of 23^^ The attraction of the sun and moon upon 
this band tends to draw it into the planes of their own 
motion. The rotatory motion of the earth, however, pre- 
vents their doing so, and the combined action of the two 
causes results in a slow retrograde motion of the axis of 
the equator round the axis of the ecliptic, one revolution a£ 
which is, as before stated, completed in 25,868 years, f 

' * For the difference of length between the tropical and sidereal jcant 
see Deft. 62, 6S. 

f The phenomenon of the precession of the equinoxes was first •b-^ 
served by Hipparchus in the second century b. c. The trua cause oC it 
waff dlsooTered by Sir. Isaac Newton. 
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sj St "^as stated above that the inclination of the ecliptic to 
tM eqaator is constant. This is not absolutely correct; 
<Mltbg to the attraction of the planets, its inclination dimi- 
nWies by i^' yeai'ly, or 1® in 6900 years. After a period 
dite diminution will cease, and the inclination will begin to 
^DCi^eBse again ; the variation thus produced can never, as 
kto been proved by Laplace exceed from one to three de- 

Nutation. 

;yThe plane of the sun's motion preserving always nearly the 
same inclination to the equator, the part of the precession 
owipg to the sun's action is the same every year. The moon's 
orbit, on the contrary, is at one time inclined above ten de- 
griees more to the equator than at another : hence the part 
of the precession arising from the moon's action varies in 
qnaotity, though its mean annual value is constant.* This 
TBiiation causes the pole of the equinoctial to describe a small 
«iiipBe around its mean position as centre. This ellipse is com- 
pljeted in a revolution of the moon's nodes (see page 213.), that 
i8,in 18 years and 228 days. The greater axis is in the 
wJstitial colure, and subtends an arc of about 20'^ ; the lesser 
liin the equinoctial colure, and subtends an arc of about 15''. 
^^ rolling or nodding motion here described is called the 
f^iatian of the earth's axis, and of course produces a corre- 
landing apparent motion in the stars, as observed from the 
earth's surface. 



Vi; 



Aberration. 



V 

.The nature and cause of the Aberration of Light have 
been explained in Def. 122. From an examination of the 
JSgure there given, it will be seen that the stars from which 
&e earth is moving must appear to a spectator on the earth's 
gQxf^ce to be higher than they actually are> those towards 
which she is moving, lower. Since this change of apparent 
position varies with the earth's motion in its orbit, which is 
c^pticaly it will easily be seen that the annual path described 
by the apparent position of a fixed star about its real posi- 
tion must be also elliptical : the longer axis of this ellipse 
sobtends an angle of about 40".f 

• Bradley, as quoted in the Hist, of Astronomy, L.U. K., p. 92. 
t Mutation and Aberration were first observed, and their causes ex- 
plained, by Bradley, about the middle of the last oeaturf . 
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Parallax. Distance of the nearest Fixed Stabs* 

The phenomenon of parallax has been described in Def. S6. 
From an examination of the figure there annexed, it will be 
seen that the greater the distance of a star from the earth, 
the smaller is its parallax. So great is the distance of the 
fixed stars, that until lately astronomers failed to detect 
parallax in any of them. A few years ago, however, Bessel 
discovered the parallax of 61 Cygni to be about one- third of 
a second, since which time Struve has discovered a parallax 
of one-fourth of a second in a Lyrse, and Professor Henderson 
of Edinburgh a parallax of an entire second in a Ceniaoii. 
This last, which is in all probability the nearest of the fixed 
stars, is hence calculated to be at a distance of above nineteen 
millions of millions of miles ; and consequently light, which 
travels at the rate of 192,000 miles in a second, and which 
takes but eight minutes to pass from the sun to the earth, 
must occupy upwards of three years in travelling hither 
even from the nearest of the fixed stars. This distance is far 
too great to admit of the possibility of their shining by the 
refiection of the sun's light : it follows therefore that sonuSy 
at least, of the fixed stars must shine by their own light, 
while others are probably enlightened by these, as the effirth 
and planets are by our sun. 

Proper Motions. Multiple Stars. 

Upon a careful examination of the heavens, it is foimd 
that great numbers of the stars are arranged in groups of 
two, three, or more, respectively, several of which groups are 
composed of stars so close to each other, that to the naked 
eye or to telescopes of inferior power, they appear to be 
single stars. Among the most remarkable of these are 
Castor, Rigel, the Pole-star, and Vega. This apparent 
proximity of stars to each other may arise either from real 
proximity, or from their being nearly in a line as seen from 
the earth. The number of groups, however, is far greater 
than can be accounted for on the latter supposition only. It 
therefore follows that there must be in the heavens numer- 
ous groups of two, three, or more stars in actual proximity 
to each other. Struve has calculated that of 311 pairs of 
stars, the constituents of which have been observed to be 
within 4^^ of each other, 310 must be considered to be pairs 
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of actually approximate stars : of 653 pair^ whose consti- 
tuents «re within 32'' of each other, 605 are really approxi- 
mate. * 

Triple stars, or combinations of three, are much more rare 
thui binary stars. Strave has, however, specified 11 such 
combinations, each within the space of S2^% of which 10 at 
least mast be considered to be cases of actual proximity. 
He has farther recorded 116 triple stars, in which the 
{Nroportion of actual proximity is not so great Cases of 
quadruple, and even higher combinations, have also been 
observed. Of 140,000 stars examined by Struve, one in 
fortv were found to be multiple stars. 

Ine constituents of multiple stars are seen to vary their 
relative position from time to time ; and from an attentive 
«id continued examination of these variations by means of 
ttie two instruments described at the end of the last chapter, 
it is found that all those whose orbits have been accurately 
ttcertained follow the same law of motion that is found in 
our own system ; viz., that they describe elliptical orbits 
about each other, and that the fine uniting any pair passes 
over equal areas in equal times. (See Part I. Ch. IV.) 
Kow, it can be proved, that no other law of attraction than 
that of gravitation can produce motion of this kind. Hence 
it follows that all the stars which have been accurately ob- 
served, and probably all stars whatever, are governed by the 
same law of gravitation which regulates our own system. 

The four following systems have completed an entire re- 
volution since their motion was first observed : their periods 
are annexed f : — 

1} Coronse revolves in 43 years. 
5 Cancri 54 

I UrssB Majoris 60 

p Ophiuchi 81 

It is not, however, necessary to wait for a complete revo- 
lution. The orbit and period of a star may be calculated from 
a few observations. Thus it is calculated that <r Coronse has 
a period of 287 years ; y Virginis, of 629 years ; ^Leonis, of 

* Hie Stan here spoken of include all the double stars from the North 

Pole to 15° south of the equator, in which neither constituent is much 

nmller than can be discerned by the naked eye. The proportion of cases 

.of actual to those of mere optical proximity, is not so great for smaller 

stars similarly situated. 

' f Nichol; Architecture of the Heayens, p. 91. 
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1200 years. Others are probably of still longer periods': 
the period of Mizar round Alcor is supposed to be aboiit 
190,000 years. Others again have very brief periods, ia 
fine, there probably will be found in the heavens every 
variety of system, both as to number of constituents, real 
and relative magnitude, and length of period. Few -of 
the higher combinations have been accurately examiaedt 
the periods of one or two triple stars have, however, been 
discovered ; and one quadruple star (e and 5 Lyrse) has been 
observed to consist of two pairs, the constituents of eeu^ 
pair revolving round each other, while the pairs thems^es 
revolve round some point intervening between them. 

COLOUB OF THE StAKS. 

The stars do not all shine with the same colour. ^' Among 
those of the first magnitude, for instance, Sirius, Ve^a, 
Altair, Spica, are white ; Aldebaran, Arcturus, Betelgueuz, 
red ; Capella and Procyon, yellow." * Among the double 
stars everv variety of colour is found : but some remarkable 

feculiarities are found in the association of these colour?, 
n a list of fifty -six pairs, given by Arago, only seven pairs 
are found, the constituents of each of which are of the same 
colour: this colour is in every case some shade of blue. 
" Hany of the double stars exhibit the curious and beautTfol 
phenomenon of the contrasted or .complementary colours. In 
such instances the larger star is usually of a ruddy or orange 
l^ue, while the smaller one appears blue or green.** f When 
the brighter star is yellow, the less bright one is usually blue : 
if the brighter be of a crimson hue, the smaller is of a gretn^ 
ish tint. This contrast of colours cannot be the effect of any 
optical delusion: for when one star is concealed from the 
eye, the other remains the same in colour that it was when 
both were viewed at once. Also, if it were the efiTect of 
suph optical delusion, the phenomenon would be universal, 
wl^ich i^ by no means the case. 

Variable Stars. 

; Several stars have been observed to undergo a periodical 
variation in brightness. One remarkable law has been detected 

* NicboVs Architecture of tbe Heavens, p. 103, from which, and from 
a paper of M. Arago, ia the Annuaire du Bureau des Longitudes fiv 
1834, the principal mcts in the latter part of thi^ chapter are borrowed. 

/ Henebel, Astronomy, § 610. 
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10 these variations^ \h, that while the time elapsing between 
two successive epochs of greatest brightness is uniform for 
each star, the time which it takes to pass from its least light 
to its greatest is much shorter than the time in which it 
passes from its greatest light to its least. The rapidity with 
which the stars increase or decrease in brightness is bj no 
means uniform, but subject to many perplexing irregulari- 
d^ Thus Algol, or j3 Persei, during the greater part of its 
period of 2 days, and nearly 21 hours, remains unchanged, 
being then of a weak second magnitude. '* When it begins to 
d^er^ase, it sinks down in between three and four hours 
to the fourth magnitude, remaining in this state about a 
quarter of an hour ; and then increases again to the second 
magnitude in between three and four hours, changing its 
brightpess very rapidly as it passes through the third mag- 
mtude." * The periods of about eighteen stars have been 
accurately observed : the shortest is that of Algol, already 
stated ; &e longest, that of the star 30 Hydi-ae, is nearly 
494 days. 

Some stars seen in former years have disappeared from 
the heavens, while others, formerly invisible, have of late 
yedn made their appearance. Remarkable changes have 
also been observed to occur without, as far as can be ascer- 
t^ed, any periodical repetition. On November 9. 1572, a 
Star, previously invisible, appeared with a brightness scarcely 
inferior to that of Venus. From the 11th of that month it 
gradually decreased, until in March, 1574, it disappeared, and 
has iiever since been seen. On October 10. 1604, a star, unseen 
the i&j before, burst forth with a brilliancy greater than that 
of Jupiter, and then gradually waned, and in October, 1605, 
no traces of it remained. These two stars seem to be of a 
peculiar kind ; and no other similar instances have been ob- 
«erved.f On December 16. 1837, Sir John Herschel, then at 
the Cape of Good Hope, observed that the star vj Argus, pre- 
viously of the second magnitude, had suddenly become a 
star of the first magnitude, and was then almost equal to 
RigeL It afterwards increased until it became the fourth 
star in the heavens in order of brightness. No satisfactory 
fteeotint has been given of the causes of any of the above- 
mentioned variations. 

• Nichol, S^rstem ofthe World, p. 124. 
' t HaU^> as quoted by Arago, Le^oni d'Aitronomie, Le^on 4. 
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In the course of time, the colours of some stars havQ un- 
dergone a change. Thus, Sirius, which in the time of the 
ancients was of a fiery red, is at present of a brilliantly white 
colour. (Nichol, Archit. of the Heayens, p. 104, note.) 

Astral Systems. 

As the planets form parts of solar systems, so solar systems 
form parts of astral systems. The astral system to which we 
belong is an oblong ring, the outer parts of which are thick- 
est strewn with stars, and constitute the milky-way, the ap- 
parent form of which was described in Chap. 11. Our solar 
system lies near the inner edge of the southern portion of 
this ring. According to Professor Madler, of Dorpat, the 
centre of the system lies in the Pleiades : the star ^ Tauri 
or Alcyone, probably occupies almost exactly the position 
of the centre of gravity of the system, and may, therefore, 
be called its central sun. Around this all the other stars 
df the system revolve, our sun among the rest. Alcyone is 
estimated to be 34,000,000 times as far from us as our own 
sun. Consequently its light occupies above five hundred 
years in travelHng to us. 

To Our astral system belong all the heavenly bodies visiUe 
fi'om the earth, with the exception of certain small olond- 
like masses of light, called nebuke, some few of which lore 
discernible by the naked eye, but which are discerned in 
great numbers by the aid of telescopes. Very powerful tele- 
scopes discover many of these to consist of stars whose enor- 
motis distance blends them apparently into one mass. Hence 
it is inferred that they are all astral systems*, several of 
which are ascertained to be beyond all comparison larger than 
ouir Own. 

The distances of these nehulce may be estimated by ob« 
serving the magnifying power of the telescope which first 
begins to resolve them into their component stars. Some 
which have been thus examined are computed to be at so 
great a distance, that light takes upwards of thirty millions 
of years in travelling from them to us. In fact, in gazing 

* According to the theories of Sir W. Herschel and of Laplace^ many 
ncbuUe are systems in process of formation, and consist, some <tf lonnnous 
matter in a diffused state, some of matter partly diffused, partly con- 
densed into distinct stars; the rest being systems which have passed 
through this proeesa of IfDrnuitioiv and consist entirely of distinct stars. 
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on ibe heavens, we do not see the stars as they are, but as 
they were, some of them several years, some countless ages, 
ago : and possibly many stars, whose light is now reaching 
us, have themselves for a great length of time ceased to 
exist. 



Chapter V. 
0/ the Solar System, 



The solar system consists of the sun, and those heavenly 
bodies which derive their light from the sun, viz., the earth, 
the moon, the planets, and their satellites, and comets. 

The belief of the earliest astronomers was, that the stars 
were fixed in a crystal sphere, which revolved round the 
earth in the space of a day and a night. The irregular 
motions, however, of some of them required further explar 
nation, which gave rise to several theories. 

Thales of Miletus ♦ (bom b. c. 640.) is the first who is 
known to have taught the sphericity of the earth, which the 
earlier astronomers believed to be a circular plane surface. 
How much farther he advanced in the science of astronomy 
is doubtful : it is known, however, that he discovered the 
obliquity of the ecliptic, and could predict eclipses of the sun 
and moon. 

Pythagoras (born at Samos, b. c. 590.) taught the diurnal 
and annual motions of the earth. His opinions, however, 
were never prevalent, and, though revived by Aristarchus of 
Samos t, in the third century before Christ, were entirely 
superseded by those of Hipparchus and Ptolemy. 

Hipparchus, who lived in the second century b. c, taught 
that the earth was immoveable, and that the sun moved 
round it in a circular orbit ; but, observing that the sun took 
187 days to describe the northern half of the ecliptic, and 

* The principal facts of this historical sketch are borrowed from Lap- 
lace, Systeme du Mcmde, livre 5, and from the Hist, of Astronomy, in 
the L. U. K. 

f Aristarchus was the first man of eminence in that series of astrono- 
mers called the Alexandrian school, which lasted from the accessma of 
Ptolemy Lagus to the throne of Egypt tiU the conquest of £gypt by the 
Arabs. Hipparchui and Ptolemy idso belonged to this school 
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onlj 178:1^ to describe' the southern half, he placed the centre, 
of the circle, not in the earth, but at a distance from it; 
equal to about one twentj^fourth part of the radius of the 
circle. 

Claudius Ptolemeeus (who lived about a. d. 130.) replaced 
this eccentric circle by an epicycle, that is, by a circle, whose 
centre revolved in a circular orbit round the earth as its 
centre. He supposed the rest of the heavenly bodies also to 
revolve round the earth in the following order; first, tbe 
Moon, then Mercury, Venus, the Sun, Mars, Jupiter, and 
Saturn; and lastly, the sphere containing the fixed 8tar& 
The various motions of the planets he explained by gap- 
posing them to move in epicycles, mounted upon other 
epicycles, in an ingenious but very complicated manner. 
The system of Ptoleray, further complicated by his sucoes* 
sors, obtained universal belief until the time of Copemicos^ 
who was bom in Prussia A. d. 1473, and taught the syst^n 
called by his name, which, with some modifications, is held 
at the present day. 

Copernicus revived the Pythagorean theory of the im- 
moveability of the sun, and taught that the earth and 
planets revolved round the sun, and the moon round the 
earth. He, however, believed their orbits to be epicydes,, 
not, as since discovei>Bd, ellipticaL 

Tycho Brahe, a Dane (born a. d. 1546), revived the theory 
of the earth's immoveability, but differed from Ptolemy in 
teaching that the sun and moon revolved round the earthy 
while the rest of the planets revolved round the sun. 

By the aid of a long series of astronomical observations, 
made by Tycho Brahe, Kepler, after the failure of many 
ingenious theories, succeeded in discovering the three grea( 
laws of our system, the truth of which has ever since been 
held ; viz., — 

I. That the planets (including the earth) move in ellipses^ 
each haying one of its foci in the sun's centre, 

II. That the areas swept out by each planet about the sun 
are, in the same orbit, proportional to the times of describing 
them. 

IIL That the squares of the periodic times of the planets 
about the sun are proportional to the cubes of the migor axes 
of their orbits. 

The truth of these laws was first demonstrated by Sir 
Isaac Newton, who showed tlmt if the same laws of the 
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motion and mutual attraction of matter* which are found to 
prevail in our earth, hold good for the sun and planets also^ 
the planets cannot move in anj other orbits. The Newtonian 
theory has been found to accord with the motions, not onlj 
of the moon and the then known planets, but of the planets 
and satellites since discovered, of those comets whose orbits 
hsve been calculated, and of all the multiple stars whose 
motions have been accurately observed. Hence it may be 
ssf^y inferred that the same laws of attraction and motion 
prenrail throughout our astral system, and probably through 
the whole universe. 

The planets at present known are, Mercury, Venus, the 
Earth, Mars, Jupiter, Saturn, Uranus, and Neptune. In 
addition to these there are between Mars and Jupiter eight 
small planets called asteroids^ viz., Yesta, Hebe, Astraea, Juno, 
Ceres, Pallas, Iris, and Flora. The Earth has one satellite ; 
Jupiter, four ; Saturn, seven ; Uranus, probably, six ; Nep-^ 
tone, at least one. Saturn and Neptune are surrounded by 
circular belts. All the planets move round the sun in the 
same direction, viz., from west to east. 

Li Plate V. a representation f, on a reduced scale, is given 
of the size of the sun as seen from the different planets. A 
notion, of the relative magnitudes and distances of the parts 
of our system will, however, be best obtained from the fol- 
k)i|ring illustration J : — ** Choose any well-levelled field or 
bowBng-green. On it place a globe two feet in diameter ; 
this will represent the Sun ; Mercury will be represented by 
a grain of mustard seed, on the circumference of a circle 164 
feet in diameter for its orbit ; Venus, a pea, on a circle 
284 feet in diameter ; the Earth, also a pea, on a circle of 
4^ feet ; Mars, a rather large pin's head, on a circle of 654 
feet ; Juno, Ceres, Vesta, and Pallas, grains of sand, in orbits 
of from 1000 to 1200 feet; Jupiter, a moderate-sized orange, 
in a circle nearly half a mile across ; Saturn, a small orange 
on a circle of four fifths of a mile ; and Uranus, a full-sized 
cherry^ or small/ plum, upon the circumference of a circle 
mqre than a mile and a half in diameter." Neptune will be 
represented by a good-sized plum on the circumference of a 
circle nearly two miles and a half in diameter. 

That the planets and their satellites shine by the reflected 

* These laws are given in the first part of this work, 
f Borrowed from NichoPs Solar System. 
— \ G Wen by Sir John Hertebel/ Astronomy, § 449. 
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light of the sun, is inferred from the faet that, while the Bun'« 
disc always appears of the same shape and size, the planets 
present to the eye a greater or smaller illuminated surface, 
according to their position relatively to the earth and sun. 

The Sun ©. 

The apparent diameter of any heavenly body being 
observed by means of the micrometer, and its distance being 
also ascertained, its real diameter may easily be calculkted. 
The sun is nearer to us in winter than in summer, and con- 
sequently appears larger in the former than in the latter 
season : its mean apparent diameter is calculated at 32^ ^*\ 
Its mean distance from us is determined by observation of its 
parallax to be 95,000,000 miles. Its diameter is hence calcu- 
lated to be 882,000 miles, that is, about 111-|- times that of 
the earth ; and since the volume of bodies is proportioned to 
the cubes of their diameters, its volume is to that of the 
earth in the proportion of 1,384,472 to 1. The density of 
the sun is found to be -yW? ^^ little more than one-fourth 
part of that of the earth : its weight or mass, therefore, is 
to that of the earth as 364,936 to 1. Now, any two bodies 
which mutually attract each other revolve round their 
common centre of gravity, which is distant from each in 
inverse proportion to its mass. In this case we find that the 
common centre of gravity is at a distance from the sun's 
centre equal to 267 miles, or about ^^Vtt ^^ ^^ ^^^'^ diameter. 
The attraction of the other planets, acting in their various 
directions, lessens even this small distance. The sun may, 
therefore, for all practical purposes, be considered motionless. 

By the observation of spots on the sun's surface, it is 
ascertained that it revolves in a direction from west to east, 
upon an axis inclined to the ecliptic at an angle of 82^ 40^, 
completing one rotation in twenty-five days and about ten 
hours. Owing to this rotation, its figure, like those of the 
earth and other planets, is not strictly spherical, but some- 
what flattened at the poles. 

PHYSICAL CONSTITUTION OF THE SUN. 

The sun is supposed to be an opaque and solid body, sur- 
rounded by two atmospheres ; the inner one obscure, the ^ 
outer luminous. This opinion is founded on the three fol- 
lowing facts: — Firstly, on the sun's surface spots are observed, 
some luminous (called facukB)^ others obscure. The latter 
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are observed to be fiurrounded by a penumbra, which always 
appears broader on the side of the spot further from the 
spectator, while when the spot is directly opposite, it appears 
even all round. This evidently shows that the spots are pits 
in the sun's surface, as such an effect could not otherwise be 
produced. That the r^rface, thus broken, is of a gaseous 
nature is also evident ; since, although the spots are some- 
times as much as 50,000 miles in diameter, they open and 
close at a rate often surpassing a thousand miles a day — a 
rigidity of motion inconceivable in any but an aeriform body. 
The penumbra £^pears to be the edge of a dark inner atmo- 
spliere, the rent in which is narrower than that in the outer 
one. Secondly, the light of the sun possesses the properties 
of light derived from an incandescent gas ; and is devoid of 
the properties belonging to light deriv^ from an incandes- 
cent soUd or liquid body. Thirdly, the light of the sun is as 
intense at its edges as at its centre ; consequently the sun 
has no atmosphere exterior to the luminous one ; for if this 
were the case, the light at the edges would be weaker than 
at the centre, having to pass through a greater thickness of 
exterior atmosphere. 

. There is, however, round the exterior atmosphere of the 
sun a very thin medium of an atmospheric nature, which 
(ffobably extends, though not in equal density, through the 
WJMe solar system. This is inferred from the phenomenon 
called the Zodiacal Light ; which consists of a faint luminous 
cone, observed after sunset about April or May, or before 
sunrise about October or November, to stream upwards from 
the horizon, following the course of the sun's equator, and 
extending beyond the orbits of Mercury and Venus. The 
distance of its base from its vertex varies from 40° to 90^ ; 
the breadth of its base, measured perpendicularly to its axis, 
from 8° to 30®. It is very faint in this climate, but better 
defined in tropical regions. That this medium reaches be- 
yond the extent to which it is visible is inferred from the 
fact that irregularities occur in the motions of comets, 
which cannot be accounted for but by the supposition of a 
retarding medium. 

Mercury (f. 

Mercury is the nearest planet to the sun, and the smallest, 
with the exception of the asteroids. He appears in the even- 
ing after sunset in the western part of the heavens, and 
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gradually increases his distance from the sun. After a cer. 
tain limit he appears stationary, and then returns to the siin, 
and finally disappears within its rays. He soon after reap- 
pears before sunrise, and rises earlier every day, until at a 
certain distance from the sun he again becomes stationary, 
and shortly afterwards retraces his path towards the sun. His 
greatest distance, or elongation from the sun, varies from 15® 
to 28° 48'. 

Mercury in fact appears to a spectator from the earth to 
move backwards and forwards in a path varying considerajlHy 
in length, and slightly in direction, at either end of which he 
remains for a short time stationary. His apparent diameter 
is found, on examination by the micrometer, to undergo con- 
tinual variations, which can be produced only by variations 
in his distance from us. By a comparison of these with his 
apparent path, his real path is ascertained to be an ellipse of 
smaller dimensions than the earth's orbit, and inclined to it at 
a certain angle. The ascending node of Mercury, that is, the. 
point from which he ascends northward above the ecliptic, is 
in the fifteenth degree of Taurus ; his descending node, in 
the fifteenth degree of Scorpius.* If Mercury corneal to 
either of his nodes at his inferior conjunction, (that is, when he 
is between the earth and the sun,) he will puss over the suji's 
disc, and appear upon it as a black spot. This can only 
occur about May 6th or November 7th, at which times th^. 
sun is respectively in the fifteenth degree of Scorpius andiBe 
fifteenth degree of Taurus. This phenomenon is called the 
transit of Mercury, and recurs regularly after periods of 
6, 7, 13, and 263 years. 

The apparent movements and phases of Mercury, as well 
as of the other inferior planet, Venus, may be understood 
from Plate IV. Fig. 8. S represents the sun ; t, e, e, various 
positions of the earth; ar, t?, Wy a, h, g,/, of Mercury or 
Venus. The positions T and a represent the inferior con- 
junction, at which time the planet disappears like the hew 
moon, its dark side being turned towards the earth. As Tfc 
moves from a to w, it gradually shows a larger enlightened 
surface, until at v the position of greatest elongation (i. e, the 
position at which its apparent distance from the sun sub- 
tends the greatest angle), it appears half enlightened, like the 

* The nodes of all the planets have a retrograde motion, in no case 
exceeding a degree, in few half a degree, in a century. 
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moon in her first quarter. As it advances, it shows a larger 
enBghtened surface, until at last it is hidden by the sun^s 
rays. It soon after emerges, and from that time shows 
a continually decreasing illuminated surface, until it again 
disappears at a. As it moves from its inferior to its superior 
conjunction along the orbit atovx, it rises before the sun, 
and is called a morning star ; as it moves through the other 
half of its orbit, it sets after the sun, and is called an evening 
star. 

From its greatest elongation when west of the sun, as at r, 
to its greatest elongation east of the sun, as at^, it will appear 
to advance, describing among the fixed stars the orbit vwhg ; 
from ^ to t; it will have an apparently retrograde motion, re- 
turning in the direction G H w v. Near g and v, its motion, 
being nearly in a straight line towards or from the earth, is 
distinguishable only by the variations in the planet's apparent 
size. Hence, when at or near those points it is said to be 
stationary. 

Did the earth stand still during the revolution of the 
planet, they would be again in conjunction after one entire 
revolution of the planet in its orbit ; but, since, while the 
planet has been moving through the orbit avxa, the earth 
has also been moving in the direction, of e, they will not 
be again in conjunction, until the planet is more or less 
adv^anced in a new revolution. Hence the sidereal peribd 
of an inferior planet is less than the synodical period, or 
interval between two successive conjunctions; and for the 
same reason the sidereal period of the earth is somewhat lesf) 
than the synodical period of a superior planet. Hence, also, 
no two successive points of conjunction or opposition are thet 
same in position. 

Mercury revolves round the sun in an orbit inclined to the 
ecliptic at an angle of 7^ and having a mean radius of 
37 millions of miles. He completes his sidereal period in 
about three-quarters of an hour less than 88 days, moving in 
his orbit at a mean rate of 30 miles per second. His synod- 
ical period is a little less than 116 days. The great variation 
observed in his angle of greatest elongation is attributable to 
the great eccentricity of his orbit, which is about ^ of its 
mean radius. He revolves on his axis in 24** 5' 3''. The 
inclination of his axis to the plane of his orbit is unknown. 

The elements of the earth being taken as units, Mercury's 
distance from the sun is '387 » his diameteti *39 \ hi& N<Axx\si^&> 
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'06 ; his density, 2*95; his mass, '17 ; the proportion of light 
and heat received by him from the sun, 6'6, 

Owing to the small size of Mercury, and his nearness to 
the sun, nothing has been ascertained with certainty of hit, 
physical constitution. 

Venus ? . 

Venus is the brightest and most beautiful of all the stars. 
Her motions and phases are similar to those of Mercuiy.' 
Her angle of greatest elongation is nearly uniform, varying 
from 45° to 47°. She was known to the' ancients as a morn- 
ing star by the names of Phosphorus or Lucifer (Light- 
bringer) ; as an evening star by the names of Hesperus or 
Vesper. 

Her orbit, which is nearly circular, is inclined to tlie 
ecliptic at an angle of 3° 23^'', and has a mean radius 
of 69 millions of miles, or about f of that of the earth. 
She consequently receives about twice as much light and 
heat from the sun. She completes her sidereal period in 
224^ 16*» 49', travelling in her orbit at the rate of 22 miles 
per second. Her synodical period is about 584^. She per- 
forms a rotation in 23^^ 2V 19" on an axis inclined to ihe 
plane of her orbit at an angle of 15°. In size, she difi^ 
little from the earth, being 7800 miles in diameter : hence 
her volume is calculated to be about '91 of that of the eartk 
Her density is about *01 less than that of the earth j con- 
sequently her mass is about '89 of the earth's mass. 

The transits of Venus take place alternately, at intervals 
of about 8 and 113 years : the last was in 1769. The two 
next will take place on December 8. 1874, and December 
6. 1882. The longitude of her ascending node, at the com*' 
mencement of the present century, was about 74° 54J'. 

PHYSICAL CONSTITUTION OP VENUS. 

Venus has a very large atmosphere*, and consequently a 

* Tlie usual method of discovering the extent of the atmosphere sur- 
rounding any heavenly body consists in a careful observation of the 
occultations of the fixed stars by that body. The refraction of the atmo- 
sphere of the body, if any exists, will have the efifect of retarding the 
commencement of the occultation, and accelerating its conclusion, just as 
the refraction of our own atmosphere retards the apparent setting of the 
sun while it decelerates its apparent risini^. 
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long dawn and twilight. Owing to the magnitude of this 
atmosphere, which is required to mitigate the intensity of 
the'Bun's heat, the irregularities on her surface are scarcely 
discernible, and she presents to the telescope the appearance 
of an even bright silver disc. Upon the edge of her crescent, 
however, irregularities are perceived, presenting the appear- 
ance of huge mountain chains, probably of greater magnitude 
than any on our globe. Owing to the small inclination of 
the axis of Venus to her orbit, her seasons and her days 
and nights vary in length far more than our own, and her 
inhabitants are exposed to much greater extremes of heat 
and cold. For the same reason, the portion of her surface 
over which the sun rises and sets daily throughout the year 
occupies but a small zone about her equator, not, as is the 
case with our earth, the larger portion of the sphere. 

No satellites have as yet been discovered, attending either 
npcm Mercury or Venus. 

The Earth ®. 

The figure and magnitude of the earth have been ex- 
plained in Part I. Ch. III. ; its diurnal and annual revo- 
lutions, distance from the sun, seasons, &c. in Parti. Ch. IV. 

The Moon 3). 

By a series of observations of the moon's apparent angular 
motion, and of the variation in her distance as shown by the 
variation in her apparent size, her apparent path in the 
heavens is discovered to be ellipticaL That the moon moves 
round the earth, not the earth round the moon, is evident 
for two reasons : firstly, because it has been shown that the 
earth moves round the sun, and it is impossible for a body 
to move round two fixed centres at once ; secondly, because 
her mass is much smaller than that of tiie earth ; and it is 
contrary to the observed laws of motion that a smaller body 
should move round a larger. The moon then moves round 
the earth in an elliptical orbit. The inclination of this otbit 
to the ecliptic varies from 5° to 5° 18^ Its mean incli- 
nation is 5° 8' 48''. Its mean radius is about 237,000 miles, 
ot nearly sixty times the equatorial radius of the earth. Its 
mean eccentricity is nearly -055 of the mean radius. 

Bid the sun exercise no attractive influence on the moon^ 
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her orbit would, as referred to the earth, be an ellipse of in- 
variable form and magnitude. The sun's attraction, however, 
fiensiblj affects the eccentricity of her orbit, and produces 
most perplexing irregularities in her motion. When the 
moon is in or near conjunction, that is, between the earth 
and the sun, the sun's attraction tends to draw her away 
from the earth, and consequently to increase her distance: 
when the moon is in or near opposition, the sun acting 
more strongly on the earth, as being nearer to it, tends 
to draw it away from the moon, and thus again to in- 
crease the distance between them. At or near the quad- 
ratures, the sun's attraction acts more equally on botii; 
hence the earth's attraction acts more uninterruptedly on 
the moon, and the distance between them is lessened. Hence 
the sun's attraction tends to elongate the moon's orbit in the 
direction of the points of conjunction and opposition, and ta 
flatten it in the region of the quadratures. Now, any canse 
which lengthens the major, or shortens the minor, axis of an 
ellipse, increases its eccentricity, and vice versa. Hence, 
when the major axis or line of apsides is in the syzygieS) 
the eccentricity of the moon's orbit is greatest ; when the 
major axis is in the quadratures, the eccentricity is least 
These irregularities in the moon's orbit are called evecHoru, 

Hence, by Kepler's second law, the sun's attraction most 
tend to diminish the moon's velocity as she approaches the 
points of conjunction and opposition, and to increase it as she 
approaches the quadratures. The moon's velocity and the 
eccentricity of her orbit will not, however, vary uniformly 
every revolution, inasmuch as the sun is nearer to the 
earth and moon at some parts of the year than at others, 
and consequently exercises a greater disturbing influence. 
Hence both eccentricity and velocity are subject, within cer- 
tain limits, to almost infinite variations. 

The moon completes a sidereal revolution round the earth 
in a mean period of 27<* 7^^ 43"* 1 V^'5, As, however, the sun 
has, in the meantime, made an apparent advance in the saine 
direction, she must perform rather more than one sidereal 
revolution in passing from one conjunction to another. 
Accordingly, her synodical period is somewhat longer than 
her sidereaJ period, having a mean length of 29* 12^ 4^ 
2''-87. 

It is found, by observation, that the moon cuts t|ie ecliptic 
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every revolution at a point a little west of that at which she 
cut it the previous revolution. Her apparent path in the 
heavens is consequently not an exact ellipse, but rather an 
elliptical spiral. This retrogradation of the moon's nod^s on 
the ecliptic is found to proceed at a mean daily rate of about 
3' l(y''64. Hence the ascending node is carried round the. 
ecliptic in a direction contrary to the moon's orbit in a period 
of 6793*39 solar days, or about IS'6 years. After the com- 
pletion of this period she recommences the same apparent 
path as before. On account of this retrogradation of the 
nodaSy the moon's nodical period, or time of passing from one 
ascending node to another, is somewhat shorter than her 
ridereal period, having a mean length of 27* 5** 5™ 35"*6. 

Were the transverse axis, or line of apsides, of the moon's 
orbit always parallel to itself, the interval between perigee 
and perigee would be identical with her sidereal period ; its 
axis, however, has a continual angular movement in the 
same direction with the moon's motion. Hence, since the 
position of the moon's perigee advances during her revo- 
lution in her orbit, she has to perform rather more than an. 
entire sidereal revolution before coming to it again. Hence 
the. time occupied in passing from perigee to perigee, or 
from apogee to apogee, termed the anomalistic period*, is 
longer than the sidereal period, having a mean length of 27* 
13^ 43"* 1 1'''51. An entire revolution of the moon's apsidea 
is completed in 3232^*, or about nine years. 

The phases of the moon, and the eclipses of the sun and 
moon, will be discussed in the succeeding chapter. 

The moon rotates in a direction contrary to that of her 
orbital motion, on an axis inclined to her orbit, at an angle 
of 84*' 5V IV". She completes a rotation in 29* 12J» 44» 
2"'87, that is, in exactly the same time that she takes to 
complete one revolution round the earth. Hence she always 
presents to the earth precisely the same face, or rather would 
do so, did she not, from other causes, show a little more 
sometimes of one side of this face, sometimes of another. 
Th^se changes, having the appearance of the swaying motion 

* So called because the angular distance from apogee is termed the 
irve anomaly. The sun's apsides alter their position by but 1 1"'8 yearlv ; 
hence the anomalistic year, which is longer than the sidereal year by tiui 
timet taken by the sun ia describing this arc, exceeds it only by 4"^ 47" *S. 
A KT<>lution of the tun's apsides is completed in about 109,880^ years. 
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of a balance, are termed UbraHons. Thej are of four kincb, 
arising from four distinct causes. 

1. The moons motion in her orbit varies according to her 
distai^ce from the earth, while her motion of rotation is 
uniform. Hence, when her motion in her orbit is quicker 
than her mean motion, she shows somewhat more than usual 
of the eastern, somewhat less of the western side of her 
face ; when slower, somewhat more of the western, and less 
of the eastern. Distance east and west on the moon's equator 
is measured bj lunar longitude; hence this phenomenon is 
termed the moon's libration in longitude* 

2. Were the moon's axis perpendicular to her orbit, she 
would always show us equal portions north and south of her 
equator. But since it is inclined to it at an oblique angle, 
and but slowly changes its parallelism to itself, its poles are in 
turn directed towards the earth. Hence, at one part of her 
revolution, the surface about her north pole is visible from 
the earth; at another, the surface about her south p<^; 
while, when the moon's axis is perpendicular to the line 
joining the centres of the earth and moon, equal portions of 
her northern and southern hemispheres are visible. This is 
her libration in latitude. 

3. In the preceding paragraph the spectator is supposed to 
be situate on a line joining the centres of the earth and 
moon. This, however, is the case only when the moon is in 
the zenith. Now, the part of the moon presented to any ob- 
server is bounded by a circle perpendicular to a line joining 
the observer's position with the moon's centre. Hence, since 
the moon is not so distant but that lines joining her centre 
with different positions on the earth's surface may make a 
sensible angle*, it follows that sensibly different portions of 
the moon may be presented at the same time to observ^^ on 
different spots on the earth's surface. Hence the visible 
portion of the moon's surface will be sensibly, though but 
slightly, different, according to her position in the observer's 
visible hemisphere; that is, to her altitude and azimuth. 
This phenomenon is termed the moon's diurnal or parallactic 
libration. 

4. The above appearances of libration arise from optical 

* This angle is evidently greatest when the two spots on the eortb^ 
surfiice are on opposite ades of the horizon. Its mean value in this case 
is about 9^. 
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causes. The moon has, howerer, a real libration ; its axis of 
rotation, which for one revolution is almost precisely parallel 
to itself, being found not to preserve its parallelism for any 
length of time. It was formerly believed that it was per- 
pendicular to the ecliptic, and, consequently, that the moon's 
equator was parallel to the ecliptic. Cassini discovered that 
the moon's equator is inclined to the ecliptic at an angle of 
1? 28' 25^^9 and that, if through the moon's centre planes be 
drawn parallel to the ecliptic and the moon's orbit, these 
planes will cut the moon's equator in the same straight line, 
viz., in the line of the nodes. Hence the moon's axis of rotation 
and her orbital axis are always perpendicular to the line of 
the nodes. Hence, being inclined to the axis of the ecliptic at 
constant angles, they will, in the course of a revolution of the 
nodes, mark out with their poles small circles round the pole 
of the ecliptic ; and since the three planes intersect in the 
same straight line, their poles will always lie in the some 
great circle of the heavens. This motion of the moon's axis 
of rotation produces a vibratory motion of the moon, the 
period of winch is 18*6^, being completed in one revolution 
of the nodes. Such vibration is a necessary efiSect of attrac- 
tion acting on a body of the moon's spheroidal form : it is 
hence called the moon's spheroidal libration. To an observer 
sltnate in the moon, the earth would present the appearance 
^ a moon nearly 2° in diameter, immovably fixed in the 
sky, or at least having only the slight motion caused by 
libration. 

The earth's dimensions being taken as units, the moon's 
diameter will be '27 ; her surface, '07 ; her volume nearly 
'02 ; her density, '76; her mass, '015. 

PHYSICAL CONSTITUTION OF THE IfOON. 

In Plate YD., a representation is given of that hemisphere 
of the moon which is presented towards the earth. Many 
spots on its surface are marked as seas. They were so named 
by the older astronomers, who believed them to be seas. 
The names are still retained for the purpose of recognition ; 
but as no lunar atmosphere has been detected^ and as the 
absence of an atmosphere involves the absence of every kind 
of liquid*, the so-called seas are now believed to be extensive 

• Without the pveflsure of an atmosphere, liquid will expand and 
astume an aeriform shapes thus making an atmosphere for itselC 
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plains. This is further proved by the fact that they are 
found to be marked with slight irregularities of surface. 
Great irregularities are observed on the moon's disc, which 
from the shadows cast by them, and from their jagged ap- 
pearance, when seen on the moon's edge, are evidently moun- 
tains. The height of some has been computed from the 
length of their shadows. The perpendicular altitude of the 
highest is found to be about 1} statute miles. The lunar 
mountains are very numerous, covering, with their irregu- 
larities, two-thirds of the moon's disc. They are mostly of a 
cup-shaped form, enclosing flat surfaces, from the centre of 
each of which rises a small steep conical hill. The diame- 
ters of these craters or cups vary from the smallest visible 
size (about 500 feet), to 50 or 60 miles. The inner side of 
the enclosing ridge is much steeper than the outer, and is 
often divided into concentric ridges, in the form of terraces. 
The lunar mountains are essentially of a volcanic character. 

The moon's axis of rotation being nearly perpendicular to 
the ecliptic, the sun never sensibly departs from its equator ; 
hence it enjoys no change of seasons. Its nights are of the 
length of nearly fifteen of our days, during which time one 
of its hemispheres never enjoys the light of a satellite. 
Having no appreciable atmosphere, the moon has no twilight ; 
the transition from light to darkness, and the contrary, being 
momentary. From its want of air and water, the moon cannot 
possess inhabitants whose organisation is similar in any 
respect to any animals found upon our globe. 

Mars c?. 

Mars is the nearest of the superior planets, or those whose 
distance from the sun is greater than that of the earth. That 
their orbits enclose that of the earth is shown from their not 
being confined within certain limits of elongation from the 
sun, but being seen at all distances from it; and, further, 
from their phases always appearing more than half full. The 
enlightened portion of Mars is never less than seven-eighths 
of its hemisphere, while Jupiter and the more distant planets 
always appear round. This is .a proof that we always sec 
them nearly in the direction in which they are illuminated 
by the sun's'rays ; from which it follows that the earth's dis- 
tance from the sun is very small compared with that of the 
planets above-mentioned. 
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The apparent motions of the superior planets are &lter* 
hfttelj direct and retrograde ; in the intervals between these 
motions they appear for a time stationary. In Plate IV. Fig, 
8. let s be the sun ; m one position of Mars, or any superior 
planet ; the circle on which m is placed, its orbit; TEfe, the 
earth's orbit. When the earth is at t, the sun and planet 
are said to be in conjunction ; when at /, in opposition. 
Let us suppose the planet to remain stationary at m. 
Then, as the earth moves from t to e, the planet will appear 
to have a direct motion in the heavens, viz. from p to m. 
At B the line joining the earth and the planet nearly coin- 
cides for some little distance with the earth's orbit ; hence, 
for a short time, the line of view in which the planet is seen 
will remain nearly the same, and the planet will appear sta- 
tionary. As the earth moves from e through t, the point of 
opposition, to «, the planet will have in the heavens an appa- 
rently retrograde motion, viz. from m to n. When the earth 
is at ^, it will again appear stationary; and as the earth 
moves from c to t, the point of conjunction, the planet will 
again have an apparently direct motion towards p. It ap- 
pears, then, that the planet must have an apparently direct 
motion as it passes through the point of conjunction, an appa- 
rently retrograde motion as it passes through that of opposi- 
tion ; while, when the line joining the earth and the planet 
is 8 tangent to the earth's orbit, it will appear stationary. 

Let now the planet have a motion in the direction mo, i^ e. 
in the direction of the earth's motion. The effect will be to 
lengthen each period of direct and retrograde motion and of 
opposition. For, if while the earth moves from t to e, the 
planet moves from M to O, the line joining the two bodies will 
not be a tangent to the earth's orbit until the earth has made 
a further advance. Hence, the period of direct motion is 
lengthened. K the planet appears stationary when the bodies 
are at s and m, and while e moves a little towards e, M moves 
a little towards o, the line em will preserve the same direc- 
tion for a longer time, and the length of the stationary period 
will be increased. If when the earth has arrived at e, the 
planet has advanced to o, the line joining them will not be a 
tangent until the earth has advanced to « ; hence the retro- 
grade period will be lengthened. It is, of ieourse, supposed 
that the angular motion of the planet round the sun is, like 
that of all the exterior planets, less rapid than the earth's 
angular motion ; so that at certain intervttla thft ^wt^ ^'^^gc* 
taked the plane^ not the planet the eartVi, 

1- 
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While the earth moves through a whcde revolution, the 
planet moves through a part of its orbit ; hence between two 
points of opposition or conjunction the planet will have made 
an apparent advance in the heavens. This advance is 
greater, the more rapid the planet's angular motion, that is, 
the smaller its orbit. Hence the synodic time or period be* 
tween two conjunctions or oppositions is longer for planets 
nearer the earth. It will also be seen from the figure, that 
the nearer the planet m is to the earth's orbit, the greater is 
the extent of the arcs of direct and retrograde motion ; the 
longer the duration of each motion, the greater its rapidity 
when swiftest. 

It is further evident from the figure, that the planet's 
apparent motion is swiftest when near the points of opposi- 
tion or conjunction; slowest, when near the stationary 
points. 

The mean distance of Mars from the sun is 146,000,000 
miles. His orbit is inclined to the ecliptic at an angle 
of 1° 51' 6''. Its eccentricity is very great, being OQS, or 
nearly y^ ^^ ^^^ mean radius. He moves in his orbit at a 
mean velocity of fifteen miles per second, and completes 
his sidereal period in 686* 23^ 31' 22'', or about six weeks 
less than two years. His synodical period is about 780*, or 
2y 50d.* 

The diameter of Mars is about 4100 miles. His equa- 
torial is to his polar diameter in the proportion of 16 to 15. 
He has a rotation on an axis inclined to the plane of his orbit 
at an angle of about 61*^ 33', in a period of 24^* 39«21", 
and in the same direction as the earth's rotation. 

The earth's elements being taken as units, the distance of 

* « The following very simple algebraical formula determines the 
synodic times in terms of the periodic times. Let ▲ and b be the periodic 

times of any two planets in days, then are — and — their mean daily 

▲ B 

motions, and . — is their relative daily motion. Let 8 b< their 

▲ B 

qrnodio time in days, or the number of days in which they separate team 
one another in longitude through 360^ ; then — is their daily separa- 

8 

tion or relative motion. 
"Tlierefore. ?f?-?52-???. i -1-i; and . - ^.-- 

8 A B ' S ▲ B A— B 

Mml^*$ JUtcL on Attr. § 62. 
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Mars from the sun is about 1*5 ; the light and heat received 
by him, *44 ; his diameter, *56 ; his volume, '17 ; his density, 
*79 ; his mass, *14. 

PHYSICAL CONSTITUTION OP MARS. 

Mars is, like the earth, enveloped in an atmosphere, which 
is, however, so clear that we can discern very distinctly on his 
surface the outlines of what appear to be continents and 
seas. ** The former are distinguished by that ruddy colour 
which characterises the light of this planet, (which always 
appears red and fiery), and indicate, no doubt, an ochrey 
tinge in the general soil, like what the red sandstone dis- 
tricts on the earth may possibly offer to the inhabitants of 
Mars, only more decided. Contrasted with this (by a 
general law in optics), the seas, as we may call them, ap- 
pear greenish."* {^q Plate V. Fig. 1., which is a repreaent- 
ation of Mars by Sir John Herschel, as seen in its gibbous 
state.) Bright white spots are observed about each pole ; 
the spot about the north pole appears in Fig. 1., while that 
about the south pole is shown in Fig. 2., which is a repre- 
sentation by Madler of Dorpat of the southern hemi- 
sphere. It is observed that as each pole is turned towards 
the sun, the brightness around it gradually contracts. Hence 
these white spots are conjectured to be the arctic and 
antarctic snows of Mars. 

This inclination of the axis of Mars to his orbit does not 
greatly differ from that of the earth to the ecliptic. Hence 
his seasons, and the length of his days and nights, vary in 
very nearly the same proportions as our own. 

The Telescopic Planets or Asteroids. 

In the year 1772, Professor Bode, of Berlin, observed the 
following law in the distances of the planets from the sun. 
The mean distance of Saturn from the sun being taken as 
100, the mean distances of the planets are, — 

Mercury - - - - - 4 

Venus ... - 4+3= 7 

The earth - - 4+2.3= 10 

Mars - - - 4+2.2.3= 16 

Jupiter - - - 4+2.2.2.2.3= 52 

Saturn - - - ;4+ 2.2.2.2.2.3 =100 

* Henchd, Astronomy, § 437. 
L 2 
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Uranus and Neptune, since discovered, have been found 
to conform to the same law. There being a deficiency of a 
term between Mars and Jupiter, several ai^tronomers con- 
jectured the existence of some planet, which from its small 
size had escaped notice. Such a planet was discovered by 
M. Piazzi, astronomer royal at Palermo, on January Ist, 
1801, and named by him Ceres J>. Other small planets 
have since been discovered at nearly the same distances 
from the sun as Ceres ; viz., Pallas ^, by Dr. Olbers, of 
Bremen, March 28th, 1802 ; Juno '^, by M. Harding of 
Lilienthal, Sept. 2nd, 1804 ; Vesta g, by Dr. Olbers, Marc$ 
29th, 1807 ; Astraea, by M, Henke of Driessen, December 
8th, 1845 ; Hebe, by the same, July 1st, 1847 ; Iris, August 
1 3th, and Flora, October 18th, in the same year, by Mr. 
Hind of Cambridge, at London. 

These bodies are also called the ultra-zodiacal planets, 
from the curious fact that while the orbits of all the other 
planets lie within the zodiac, and are none of them inclined 
to the ecliptic at a greater angle than 6°, the inclination of 
the orbits of the asteroids varies from 5° 20', the inclination 
of Astrsea, to 34° 34' 66'\ the inclination of Pallas.* ITiat 
of Vesta is T 8' 9'^; of Ceres, \QP 37' 2&'', of Juno, 13^ 4' 9"} 
of Hebe, about 15° 3'. 

Their respective mean distances from the sun, in ^nillions 
of miles and radii of the earth's orbit, are, Vesta, 225 or 
2*37 ; the new planet, 240 or 2*5 ; Astraea, 247 or 2*6; Juno, 
253 or 2*67 ; Ceres and Pallas are at nearly the same dis- 
tance, that of the former being 262,903,570 miles, or 2-767 
radii of the earth's orbit ; that of the latter, 262,921,240 
miles, or 2*773 earth's radii. 

Their periods are, — Vesta, 1325*7*; the new planet, 
1461'5d; Astraea, 1524*; Juno, 1592'7*; Ceres, 1681-4*; 
Pallas, 1686-5*. 

These planets are of so small dimensions that astronomers 
have as yet been unable accurately to measure their diameters. 
The earth's diameter being unity, that of Vesta is estimated 
at about -034; that of Juno at -17 ; that of Ceres at '05; 
that of Pallas at -01. These, however, are mere conjectures. 
Vesta has no appreciable atmosphere ; Juno and Ceres very 
extensive atmospheres ; and Pallas an atmosphere supposed 
to be of a height equal to twelve times its radius. 

* The elements of Iris and Hebe, have not yet been accurately cal« 
eulated. 
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From the great angles made by these planets with the 
ecliptic, they have by some been thought to be the fragments 
of a large planet. This is further rendered probable by the 
two following remarkable facts ; firstly, their faces are not 
round like those of the other planets ; secondly, their orbits 
intersect in the same point, and it can be proved by the 
laws of mechanics, that were a planet to burst, its fragments 
would describe new orbits, intersecting in the point at which 
the explosion took place. 

Jupiter 11, 

Jupiter is the largest of the planets, being no less than 
87,000 miles in diameter. He revolves in an orbit inclined 
to the ecliptic at an angle of P 18' 51'', and having a mean 
radius of about 494,500,000 miles. Its eccentricity is mode- 
rate, being '048, or nearly t}q of its mean radius. He com- 
pletes his sidereal period in about lU 315**, travelling in his 
wbit at a mean rate of 8 miles per second. His syiiodical 
period is about ly 33^ 2l\ 

Jupiter revolves in 9** 55™ 50", on an axis inclined to 
the plane of his orbit at an angle of about 86° 55\ that is, 
nearly perpendicular to it. Owing to his rapid rotatory 
motion, he is much flattened at the poles, his equatorial and 
polar diameters being in the proportion of 107 to 100. 

The elements of the earth being taken as units, Jupiter's 
distance from the sun is 5*2 ; his diameter, 11 "56 ; his volume 
1470 ; his density, *23 ; his mass, 339*3; the light and heat 
received by him from the sun, '036. 



Jupiter's satellites. 



Jupiter is attended by four satellites or moons, which, like 
our moon, revolve on their axes once during each revolution 
in their orbits, and consequently always turn the same face to- 
wards him. Their orbits are inclined at very small angles to 
that of Jupiter : their periods are, respectively, about 1^ 18^**, 
Zmi\ 7^3|^ and 16^16^**: their mean distances about 6,9^, 
15^, and 27, of Jupiter's radii« They revolve round him in the 
same direction in which the moon revolves round the earth, and, 
like all other satellites, follow the same laws of motion round 
the primary planet, that the planets do round the sun. They 
are invisible to the naked eye, and were the earliest dis- 
coveries made by Galileo, the inventor of th^ \&\i^£^^Vt- 
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Their eclipses and occultations are of great use in the dis- 
covery of the loDgitude of any place. 

It was ohseryed hy Romer, a Dane, who was bom n 1644, 
that the eclipses of Jupiter's satellites are seen when the 
sun and Jupiter are in opposition, Si^ earlier than the 
time predicted by calculation; when the sun and Jupiter 
are in conjunction, 8^-"* later. Hence he concluded that the 
motion of light, instead of being, as before thought, instan- 
taneous, must take 16^™ in traversing a space equal to the 
diameter of the earth's orbit. 

PHYSICAL CONSTITUTION OF JUPITEB. 

A representation of Jupiter is given in Plate V. Fig, 3« 
The dark belts there delineated are not alike at all times. 
They vary in breadth and situation, though not in their 
general direction, which is parallel to the equator. They 
sometimes remain the same for three months, sometimes 
change their form in the course of an hour or two. They 
have very rarely been seen broken up and distributed over 
the whole disc. From these circumstances it is inferred 
that the belts are of an atmospheric character. . They are 
thought to be tracts of comparatively clear sky, caused by 
currents analogous to our trade winds, though more steady 
and decided. That such would be the case might be ex- 
pected from the great size of Jupiter, and its rapid rotation, 
from the combination of which causes a body on the surface 
of its equator travels at nearly twenty-eight times the speed 
of a body on the surface of the earth's equator. In these 
and other respects the winds and atmospheres of Jupiter re- 
semble our own. Hence it appears probable that his surface 
is divided into land and water, like that of our earth, and of 
Mars. His axis being nearly perpendicular to his orbit, he 
experiences no sensible change of season in his progress 
round the sun. 

Saturn ^. 

Saturn revolves in an orbit inclined to the ecliptic at an 
angle of 2°29'S5'% and having a mean radius of 915,000,000 
miles. Its eccentricity is rather larger than that of Jupi- 
ter's orbit, being about '056 of the mean radius. He com- 
pletes his sidereal period in about 29^y, travelling in his 
orbit at a mean rate of six miles per second. His synodical 
period is about 378<» 2\ 
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Saturn reyolves in 10^ 16°^ on an axis inclined to the 
plane of his orbit at an angle of about 60°. His equatorial is 
to his polar diameter in the proportion of 11 to 10. 

The elements of the earth being taken as units, Saturn's 
distance from the sun is about 9*54 ; his diameter, 9*61 ; his 
volume, 887*3 ; his density, *11; his mass, 101*1 ; the light and 
heat he receives from the sun, *01 1. 

satubn's satellites. 

Saturn has seven satellites, at mean distances in terms of 
his radii of about 3, 4, 5, 7, 9^, 22, and 64, and revolving 
round him in periods of about 22^^ 1^ 9^ 1^ 21^, 2^ 17|h, 
4d 12i^ 15* 22|^ and 79* 8^ The six interior planets 
move in nearly circular orbits, whose planes nearly coincide 
with that of Saturn's equator. The seventh more nearly 
coincides with the ecliptic. 

Saturn's sixth satellite was discovered by Huygens, a 
Dutchman, in the year 1655 ; his third, fourth, fifth, and 
seventh, by Cassini, between the years 1671 and 1685; his 
first and second by Sir W. Herschel, in the years 1787 and 
1789. 

Saturn's ring. 

Saturn is distinguished from all the planets, except, perhaps, 
Neptune, by the possession of a thin broad concentric ring, 
lying in the plane of his equator. This ring, upon examina- 
tion by a powerful telescope, is found to separate into five, 
some say seven, belts, lying one within the other in the plane 
of his equator. The largest interval between the rings is 
represented in Plate V. Fig. 4., and is about 1800 miles in 
breadth. The breadth of the other divisions varies from 
about one to three hundred. The space between the ring 
and Saturn is 19,000 miles ; the whole breadth, 27,000; the 
thickness not above 100 miles. The rings revolve round 
Saturn in periods proportionate to their distances ; the period 
of the outermost ring is about 10^^. 

PHYSICAL CONSTITUTION OP SATURN. 

Saturn is, as represented in the figure, marked by dark 
ielts like those of Jupiter, but broader and less strongly 
marked. Their cause is evidently the same as that of the 
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belts of Jupiter. Saturn must, therefore, be possessed of an 
atmosphere. The ring is an opaque substance, as is known 
from its throwing a dark shadow on the planet. It conceals 
the light of the sun from those situated on the planet's 
equator for eighteen of our years at a time ; during the rest 
of the planet's revolution, and at all times to those not situate 
exactly under it, it appears like a luminous arch in the hea- 
vens. The inclination of Saturn's equator to the plane of 
his orbit being about 6^^ less than that of the earth, his 
seasons and the length of his days and nights vary a little 
more than our own. He appears, as seen from the earth, 
of a pale leaden colour. 

Uranus JJf. 

Uranus was discovered by Sir W. Herschel on March 13th, 
1781. It was by its discoverer called the Georgium Sidus, 
or Georgian, in honour of George IIL, by which name it is 
still known in the Nautical Almanac. It is now, however, 
almost universally called Uranus, Uranus being in the Greek 
mythology the father of Saturn, as Saturn is the father of 
Jupiter, and Jupiter of Mars. 

Uranus revolves round the sun in an orbit inclined to the 
ecliptic at an angle of 46^ 28"'4, and having a mean radius 
of about 1800 millions of miles. Its eccentricity is nearly 
the same as that of Jupiter, being about *047 of its mean 
radius. He completes his sidereal period in rather more 
than eighty -four years, travelling in his orbit at the rate of 
four miles per second. His sy nodical period is about 369*^ 
15P. 

The time of the diurnal rotation of Uranus is unknown. 
His axis of rotation is thought to be inclined to the plane of 
his orbit at an angle of about 1 P. 

The elements of the earth being taken as units *, the dis- 
tance of Uranus from the sun is 19'18 ; his diameter, 4*26 ^ 
his volume, 77*3 ; his density, '26 ; his mass, 19*81 ; the light 
and heat received by him from the sun, '0027* 

URANUS'S SATELLITES. 

Sir W. Herschel, the discoverer of Uranus, imagined that 
he discovered six satellites, at respective distances, in terms 

* Most of these comparisons of the elements of the Tarious planets 
with those of the earth are borrowed from Flisson, Les Mondes, Fari%i 
1847. 



CHAP, v.] URANUS. — NEPTUNE. 226 

of the planet's radius, of about 13, 17, 20, 22|, 45^, and 91. 
Their sidereal periods he fixed respectively at about 5^21^^, 
S^ 17^ 10* 23^ 13d iih^ 38d i|h and 107* 16|^ The second 
and fourth only have been observed by other astronomers. 
These satellites possess two remarkable peculiarities ; their 
orbits are inclined to that of the planet at angles of about 
78°, and their motion is retrograde, whereas the motions of 
the satellites of the earth, Jupiter and Saturn, are direct. 

PHYSICAL CONSTITUTION OP URANUS. 

Nothing is yet known with respect to the existence of an 
atmosphere around Uranus. All the other primary planets, 
however, being possessed of them, it would appear probable 
that Uranus is so also. Owing to the inclination of his axis, 
the variation in the temperature of his seasons, and in the 
length of his days and nights, must be very great. 

NEPTUNE. 4^ 

Neptune, the most remote planet at present known, was 
first observed by Dr. Galle, of Berlin, September 23rd, 1846. 
For several years irregularities had been observed in the 
motions of Uranus, which M. Le Verrier, in June, 1846, pro- 
nounced to be caused by the disturbing force of some exterior 
planet. On August 31st, in the same year, he gave the 
planet's distance from the sun, the form and position of its 
orbit, its place in the heavens, and its apparent magnitude, 
with such accuracy that it was at once discovered by Dr. 
Galle. It was afterwards found that Mv, John Couch Adams, 
of St. John's College, Cambridge, had previously calculated 
the planet's elements, and had arrived at nearly the same 
Iresults, which he had communicated in October, 1 845, to the 
Astronomer Royal of England. 

Neptune revolves round the sun in an orbit inclined to 
the ecliptic at an angle of 1® 47' 1'''5, and having a mean 
radius of about 2,870,000,000 miles. Its eccentricity is 
about "008 of the mean distance. Neptune completes his 
sidereal period in a little less than 166 sidereal years, moving 
at a mean rate of about 3 miles per second. His synodical 
period is about 367 days. 

The time of the diurnal rotation of Neptune, and the 
angle of inclination of his axis, are unknown. 
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neftxine's satellite and king. 

On July 8th, 1847, Mr. Lassell, of Liverpool, discovered 
a satellite of Neptune. Its period is about 5^ 20^ 51™. It 
moves in an orbit inclined to the (ecliptic at an angle of 
about 28°, and at a mean distance of about 250,000 miles. 
The eccentricity of its orbit is so gre^t, that its minor axis 
differs little from the planet's diameter. The time of the 
satellite's rotation on its axis is equal to that of its revolu- 
tion round the planet. In common with the sixth satellite 
of Saturn it is much brighter in the preceding than in the 
following half of its path. This variation seems to show 
that one side of the satellite has less power of reflecting 
light than the other. 

It has been ascertained that Neptune is surrounded by a 
ring, the ratio of whose diameter to that of the planet is 
about 3 to 2. 

Of Comets. 

Besides the planets there are numerous bodies called 
comets^ revolving round our sun, of the nature and orbits of 
which but little is known. Of upwards of 130, which have 
been accurately noted, only three have been identified, as 
having previously been observed : the comet of 1835, called 
Bailey's comet, whose period is about 76 years; Encke's 
comet, whose period is 3*3y ; and Biela's comet, whose period 
is 6*75^. The orbits of comets appear to be ellipses of so great 
eccentricity, that through the greater part of their orbits 
they are invisible from their great distance. 

The attraction of the sun upon each of the planets is so 
overwhelming, that the attraction of the other planets pro- 
duces but slight alterations in its orbit. Further, these dis- 
turbances so compensate one another that after a long period 
the planets recommence precisely the same paths in every 
respect The planetary system is hence said to be stable* 
Owing, however, to the tenuity of the substance of comets, 
the planets exercise very great influence upon the form of 
their orbits, which influences, owing to the peculiar paths of 
the comets, do not compensate each other : hence the orbits 
of comets are liable to perpetual changes, and their system is 
consequently said to be unstable. 
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THE PHYSICAL CONSTITUTION OP COMETS. 

Comets consist of a very diffuse vaporous mass, one part of 
which appears more condensed than the rest : this is termed 
the nucleus or head. The body is sometimes spread round 
this nucleus in a nearly circular form, sometimes extends to a 
great distance in the form of a long train, termed the tail. 
This tail is always in a direction opposite to that in which 
the sun is situated. The densest part of a comet is so thin, 
that stars of the smallest magnitude are distinctly visible 
through it. Indeed, so slight is the mass of a comet, that 
even the smallest satellites exercise great influence in deter- 
mining a comet's course, without being themselves sensibly 
affected by its attraction. Not only do comets vary much in 
magnitude, but even the same comet undergoes very great 
changes^ both in form and size, during its progress in its 
orbit. The tail of the comet of 1680, inmiediately after its 
perihelion passage, was found by Newton to be 60,000,000 
miles in length. Its greatest length was 123,000,000 miles, 
a length much exceeding the earth's distance from the sun. 



Chapter VI. 

Of the Phases of the Moon ; and of Solar and Lunar 

Eclipses. 



The Phases op the Moon. 

The sun's distance from the earth is nearly 200 times the 
diameter of the moon's orbit ; hence lines drawn from the 
sun to any part of the moon's orbit are so nearly parallel, 
that they may be considered as precisely so. In Plate 11. 
Fig. 1 ., the large body in the centre represents the earth ; 
the dotted ellipse the moon's path round the earth ; on this 
path are represented eight different positions of the moon 
in her orbit ; in all these positions she presents the appear- 
ance given in the figure, in which it will be observed that 
.the plane dividing her bright and dark hemispheres moves 
always parallel to itself. 
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When she is in conjunction, her bright hemisphere is 
turned away from the earth, and she is consequently invisible. 
This position is commonly termed that of change, or new 
moon. When she is in opposition, the whole of her bright 
hemisphere is presented to us ; she is then said to be fulL 
At the quadratures, half her illuminated hemisphere is pre- 
sented to the earth. Her phase is then that of half-moan. 
Half-way between conjunction and the quadratures, one 
quarter of her bright surface is visible from the earth ; half- 
way between the quadratures and opposition, three-quarters. 
These points are termed octants. The proportions of dark and 
illuminated surface presented to the earth in these several 
positions are represented by the discs outside the dotted 
ellipse. It will be seen that, between new moon and the 
quarters, the moon's phase is horned; between full moon and 
the quarters, gibbous. 

When the moon is nearly new to the earth, the earth is 
nearly full to the moon ; she is then strongly illuminated by 
the reflection of the sun's light from the earth : a portion of 
this light is reflected back to the earth; hence, when the 
moon is near conjunction, and her crescent very small, a faiiit 
light is seen to illuminate the rest of her hemisphere. When 
the moon is nearer the quarters, a smaller proportion of the 
earth's bright side is presented to her, and this pale light 
dies away. This phenomenon is vulgarly called the old 
moon under the new moon's arm ; the French term it " la 
lumiere cendrecy" the ashy light. 

The moon is invisible when her position in the heavens is 
within a distance of about 30° of 'the sun. Now, a synodicai 
month being about 29** 12f^, her daily apparent motion ex- 
ceeds that of the sun by about 12® 11 ^^ Hence she is in- 
visible for rather less than five days in every month. 

The moon's horns, as shown in the figure, are always 
turned from the sun; hence in the first quarter they are 
turned towards the east, in the last towards the west. 

Eclipses. 

The earth and moon, being opaque bodies, intercept the 
sun's light, and throw behind them in space a shadow which 
consists of two parts, one, entirely dark, in which the whole 
light of the sun is intercepted ; another, surrounding the 
above, in which only part of the sun's rays are intercepted : 
these are respectively called the umbra and penumbra. 
When any place on the earth's surface comes within the 
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region of the moon's umbra or penumbra, the sun is said to 
be totally or partially eclipsed at that place.* When the 
moon comes within the earth's umbra or penumbra, a total 
or partial eclipse of the moon takes place. 

The sun being larger than the earth or moon, their umbras 
are of the form of a cone, of which the base is the inter- 
cepting body, and the apex is turned away from the siin. 
The penumbra, as shown in Hate 11. Fig. 6., is of the form 
of a truncated cone, the imaginary apex of which lies be- 
tween the body and the sun. Thus in the figure, h g £ D 
is the earth's penumbra. 

Solar Eclipses. 

To persons situate within the moon's umbra, as between e 
and^ the sun is totally eclipsed. Those for a certain dis- 
tance around will see a partial eclipse. Sometimes, how- 
ever, the moon is so far from the earth, that the apex of her 
umbra falls between the sun and the earth : in this case 
those in or near a straight line drawn through the centres of 
the sun and moon see a rin^ of light round the dark body 
of the moon : this is termed an annular eclipse. The fur- 
ther persons are situate from this line, the more uneven is 
the breadth of the ring : those at a certain distance see only 
the usual appearance of a partial eclipse. Sometimes part 
of the earth's surface falls within the moon's penumbra, but 
none within her umbra ; in this case the eclipse is every- 
where partial. The moon being smaller than the earth, the 
same eclipse is visible to only a portion of the earth's en- 
lightened hemisphere. The umbra can never cover a space 
of more than iSO miles diameter on the earth's surface : the 
penumbra may cover a circle of a diameter of 4900 miles. 

If the moon be exactly in her node, that is, if, when she 
crosses the ecliptic, her centre is in a direct line with those 
of the sun and moon, the centre of her shadow will pass over 
the centre of the earth's disc, and will describe a diameter 
of its disc, or great circle of its sphere. In any other total 
'solar eclipse, the centre of the moon's shadow will describe a 
chord of its disc, or small circle of its sphere, the length of 
the chord varying according to the moon's latitude : hence 
the duration of a- solar eclipse depends on the length of the 

*■ A solar eclipse would with more correctness be termed an oeeuHaiion 
of the sun. 
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line which the centre of her shadow descrihes, the distance 
of the moon from the earth (on which depends the extent of 
the umbra), and the velocity of the moon's motion. These 
two last, by Kepler's law, vary together. To find the dura- 
tion of an eclipse at any particular place, the distance of the 
place from the line described by the centre of the umbra 
must be further taken into account. Nowhere on the earth's 
surface can an eclipse be annular longer than 12"* 24'', or 
total longer than 7™ 58'^ 

Lunar Eclipses. 

An eclipse of the moon being caused by her entering the 
earth's shadow cannot happen but when the moon is in oppo- 
sition. The earth being much larger than the moon, her 
shadow is broader than the moon's diameter ; consequently 
there can be no such thing as an annular eclipse of the moon. 
A solar eclipse, being caused by the moon's shadow, is visible 
to those parts of the earth only upon which the shadow is 
cast. A lunar eclipse, on the contrary, being an actual ob- 
scuration of the moon, is visible to all on the earth's surface 
who can see the moon. • 

The length of an eclipse of the moon varies according to 
the breadth of the part of the earth's shadow crossed by her, 
and the velocity with which she crosses it. Hence, it depends 
on the moon's latitude, and on her distance from the earth. 
The duration, from the time of her first touching the earth's 
penumbra to the time of her leaving it, cannot exceed 5J^. 
The moon cannot be totally eclipsed longer than 1^\ 

Conditions of an Eclipse. 

Were the orbit of the moon in the same plane with that 
of the earth, there would be one solar eclipse and one lunar 
eclipse every month. The moon's orbit is, however, inclined 
to the ecliptic at an angle of 5° 8' 48^'. Hence, unless the 
moon is at or near the node at the time of conjunction or 
opposition, there can be no eclipse. It has been calculated, 
that if at the time of conjunction the moon's node is further 
in longitude from the sun than 16° 58', there can be no 
eclipse of the sun ; if at the time of opposition the moon's 
node is further from the sun than IP 34', there can be no 
eclipse of the moon. These angular distances are called the 
solar and lunar ecliptic limits. 
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NuMBEB OF Eclipses in a Year. 

The sun moves on the ecliptic at the rate, roughly speak- 
ing, of 29° in a synodical month. Now the ecliptic limits 
of the sun are 16° 58' on either side of the node, or about 
33° altogether. Hence, the solar ecliptic limit being greater 
than the sun's monthly advance on the ecliptic, it is clear 
that the sun must be eclipsed once, and may be eclipsed 
twice, on passing each node. If the sun is twice eclipsed, it 
must be at a nearly equal distance on either side of the node 
at each eclipse ; hence, at the intervening full moon it will 
be nearly in the node, and, consequently, if there are two 
eclipses of the sun at one passage of the node, there will be 
an intervening eclipse of the moon. If, however, the sun is 
in the node at the time of the new moon, it must at the pre- 
ceding and following full moons be about 14^° from the 
node, and consequently beyond the lunar ecliptic limit : at 
the preceding and following new moons, it must be about 29° 
from the node, and consequently beyond the solar ecliptic 
limit. In this case there will be only one eclipse of the sun 
and none of the moon. It will be seen that there cannot be 
more than one lunar eclipse at the passage of each node. 

The sun occupies 173^ in passing from one node to another. 
Hence it must pass both nodes in the course of a year, and 
since at least one eclipse (a solar one) must take place at 
each passage of the node, there must be at least two eclipses, 
both solar ones, every year. The more usual number, how- 
ever, at each passage of the node, being one of each kind, 
there usually happen four eclipses yearly, two of the sun, 
and two of the moon. 

When three eclipses fall about either node, the same 
number usually falls about the opposite node, since the time 
of the sun's passage from node to node is witliin four days of 
the time occupied by six lunations. Hence, there may be 
four eclipses of the sun, and two of the moon, in the course 
of two passages of the node. In order that all these may fall 
in one year, neither nodical passage must be within a fort- 
ni^t of either end of the year. Hence, although a third 
nodical passage takes place at an interval of 346^ from the 
first, there will not be time for more than one more eclipse, a 
solar one, to take place within 365^. Hence, the greatest 
possible number of eclipses in a year is seven, five of the 
sun, and two of the moon. 

Although in this particular case only two ecXi^^'^ %:t<6 
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lunar, jet since there may be lunar eclipses at three successive 
nodical passages, all falling within the same year, there may 
be three lunar eclipses in a year. Since, however, there 
cannot be more than one lunar eclipse at each nodical passage, 
nor more than three nodical passages yearly, the above is 
the greatest possible number of lunar eclipses^ 

Hence, there cannot be more than seven eclipses in ayear^ \ 
nor fewer than two. There cannot he more than five solar 
eclipses, nor fewer than two. There cannot be more than 
three lunar eclipses, and there may be none. The usual 
number of eclipses is four, two lunar, and two solar. 

The solar ecliptic limits are to the lunar nearly in the pro- 
portion of 3 to 2 ; hence, the number of solar eclipses exceeds 
the number of lunar in that proportion. A solar eclipse, 
however, is visible but to a comparatively small part of the 
earth's surface, whereas a lunar eclipse is visible to a whole 
hemisphere. Hence, at a given place, and within a given 
time, there is a greater probability of seeing a lunar than a 
solar eclipse. 

The Cycle op Eclipses. 

It has been shown, that after a period of 18*6^ the moon 
recommences precisely the same spiral path in the heavens, 
and the same series of occultations of the fixed stars. Did 
the sun remain stationary in the heavens, she would also, 
after that period, recommence the same series of solar and 
lunar eclipses. The sun performs a circuit of the heavens in ^ 
a year, hence he will not be in the same place at intervals of 
18*67. But it is found that at the end of the nineteenth 
year, when of course the sun has arrived at the same place 
in the heavens, the moon's longitude also is the same that it 
was 19 y before. Also, since only '4^, or about -002 of her 
whole cycle, has elapsed since the recommencement of her 
journey, her path in the heavens is almost the same as at the 
beginning of the cycle. Hence, with a very slight difference, 
the sun and moon will have, relatively to the earth, the posi- 
tions which they had nineteen years before, and the eclipses 
which happened then will happen again, almost exactly the 
same in every respect. This cycle of the moon is said to 
have been discovered by Meton, an Athenian, b.c. 433. The 
number, marking the position of any year in the cycle, was 
marked in letters of gold on the temple of Minerva, and has 
ever since retained the name of the Golden Number. 
A rule, by which the Golden Number for any year may be 
founds is given in the following chapter. 
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irSB OF THB TABLE. 



[PARTIL 



By the inspection of the table on the preceding page, the 
moon's age may be found for any day from the year 1800 to 
the year 1894 inclusive, in the foUowing manner: — Find the 
proposed day under the given month ; on the same horizontal 
line, under the given year, will be found the moon's age, as 
required. N stands for new, p for full moon. 

Example. Requiried the moon's age on the 14th of Au- 
gust, 1848. Even with the day of the month found in the 
first part of the Table, and under the year 1848 in the latter 
part, is found the letter f, which shows that the moon is full 
on that day. 

In like manner, it will be found that upon the 10th of 
June, 1848, the moon's age is 10 days. 

In the following Table the right-hand column annexed to 
the moon's age is used in finding the time of high water in the 
succeeding problems relating to that subject. (See Part m.) 



Moon's 
Age. 


High Water. 


Moon's 
Age. 


Hlgh^ 


Water. 


Moon's 
Age. 


High 


Water. 


Days. 


H. M. 


Days. 


H. 


M. 


Days. 


H. 


M. 








11 


9 


17 


21 


15 


56 


1 


36 


12 


10 


9 


22 


16 


51 


2 


1 11 


13 


10 


53 


23 


18 





S 


1 46 


14 


11 


33 


24 


19 


18 


4 


2 21 


15 


12 


8 


25 


20 


31 


5 


3 1 


16 


12 


45 


26 


21 


31 


6 


3 44 


17 


13 


19 


27 


22 


21 


7 


4 37 


18 


13 


54 


28 


23 


3 


8 


5 40 


19 


14 


30 


29 


23 


42 


9 


6 58 


20 


15 


11 


29J 


24 





10 


8 14 






- 









Chapter VII. 



Of the Calendar. 

To facilitate the computation of time for the common pur- 
poses of life, the use of certain standard measures has, in every 
nation, been agreed upon. Atable of such measures is termed 
a Calendar, The alternations of day and night, the periodical 
recurrence of the same phases of the moon, and the changes 
of the seasons, early suggested the division of time into days, 
months, and years. The difficulty of adjusting these mea- 
sures to one another has given rise to various modificatioDS 
of tbem in different ages and co\mtn&^« Asv additional 
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division of time into periods of seven days, called weeksj has 
been in use, in most countries, from the earliest tUnes, 
having heen originally instituted by divine command. 

The length of the true solar day (see Def. 66.) is subject 
to great variation, the difference between its greatest and 
least length being upwards of thirty-two minutes. It being 
very necessary that any measure of time in conmion use 
should be uniform, the average length of the true solar day 
is taken. This is called a mean solar day, and is divided 
into twenty-four hours. 

Time was, in very early ages, measured by the revolutions 
of the moon. Indeed this division, and that into days and 
nights, are found in use among savage nations, who are un- 
acquainted with any other standard of computation, and even 
some civilised nations have followed a lunar chronology 
exclusively. The Turks and Jews still continue to do so, 
making the year consist of 13 lunar months, or 365 days. 
We, however, in common with most modern nations, although 
preserving the lunar chronology in name, have entirely laid 
it aside ^n fact, our calendar months, and months of four 
weeks, commencing indifferently at any period in the moon's 
revolution. 

The calendar at present in use in this country is called 
the Gregorian Calendar. As it is founded on the Julian 
Calendar, it will be best to commence with an account of 
the latter. 

• In the earlier periods of Roman History, the lunar year 
above-mentioned was in use, arbitrary intercalations being 
made from time to time, in order that its commencement 
might correspond with that of the solar year. The con- 
fusion and error caused by this clumsy mode of reckoning 
were so great, that in the time of Julius Caesar, the civil year 
was ninety days in advance of the solar. Ascertaining 
from an Alexandrian astronomer, named Sosigenes, that 
Ibe solar year was about 365J^<^ in length, he made the 
usual civil year to consist of 365^, another day being added 
to every fourth year.* This additional day was inserted 

• *« An error prevailed for thirty-seven years after the death of Caesar 
Tom reckoning every third year a leap-year, as if the year contained 365^ 
l\ When the mistake was detected, thirteen intercalations had occurred 
instead of ten. It was, therefore, ordered that there should not be any 
leap-year for twelve years, t. e. until a. d. 7. From that time the years 
saTe been calculated without mistakes.*'— Sir K. NicKoUu, CKromnilog^ of 
UUUrjff p. 4. 
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nfter Feb. 24th, which, according to the backward mode of 
reckoning of the Romans, was called sextus ante Calendas 
MarticLSy that is, the sixth daj before the 1st 'of March. 
Hence the leap year, having two such days, was called 
bissextilis. To reconcile the confusion already existing be- 
tween the civil and solar years, it was further enacted that 
the previous year (b. c. 46) should consist of 455 days, 
whence it was called " the year of confusion.*' 

Since, however, the tropical year does not consist of 365^^ 
but only of 365<i 5^ 48"* 49''*7, the Julian year was too long 
by about 11"* 10''. Hence, in course of time, the solar year 
was found to be sensibly in advance of the dvil year. T)m 
error had, in the sixteenth century, increased to ten days. 
To rectify it. Pope Gregory XIII. published a bull, com- 
manding the omission of ten days after October 4th, 1582, 
so that the next day was called the 15th instead of the 5th. 
To prevent the recurrence of such 'error for the future, he 
further ordered that every hundredth year, instead of being 
a leap-year, should consist, like the rest, of 365^, with the 
exception of every four-hundredth year, which was to be a 
leap-year as before. Thus the years 1600, 2000, &c. were 
to be leap-years ; 1700, 1800, 1900, 2100, &c. years of the 
usual length. 

Let us see how far this rule differs from the truth. In the 
Julian computation there was, as has been shown, a yearly 
excess of 1 1°» 10'' -3 or -00776^. Hence, after the lapse of a 
century, the solar year was '776^ or about 18** 3^"* in ad- 
vance of the civil. The omission of the leap-day in every 
hundredth year produces an error on the other side of -224^ 
or about 5^ 56J°*. This, in four centuries, brings the civil 
year '896^, or about 21^^ in advance of the solar. The 
restoration of the leap-day to every four hundredth year 
produces a contrary error of •104'% or about 2^. This 
error, recurring, as it does, but once in 400 years, was con- 
sidered too slight to be taken into account. Indeed, in 4000 
years, it will amount but to 104^, or about 1^51"*. Had, 
however, the Gregorian correction advanced a step further, 
and declared that every four thousandth year should con- 
sist of 365<* only, the difference between the solar and Gre- 
gorian calendars would have been reduced to •04*, or about 
5J"* in 4000 years, an error which would take 100,000 years 
to amount to a day. 

The length of the tropical year was stated to be 365* 5^ 
48^ 49^^'7. This is not a\>8o\ule\y coti^ct^ Q^n^ to the 
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motion of the equinoctial points, the tropical year slightly 
varies in length, being now above 4'''21 shorter than in the 
time of Hipparchus. This error is obviously too slight to 
be taken into consideration for any practical purpose. 

The Gregorian Calendar, being introduced by a pope, 
was at once adopted in all Roman Catholic countries. Pro- 
testant nations for a long time rejected it. It was not 
introduced into the north of Germany until 1699, nor into 
England until 1752, at which time, the year 1700 having 
intervened since the correction was made by Pope Gregory, 
it was necessary to omit eleven days from the calendar 
instead of ten. Accordingly September 3rd and the ten 
following days were omitted for that year. Previously to 
that time the English year had commenced on March 25t\C 
It was then enacted that the year 1752, and all following 
years, should be held to commence on January 1st. Hence 
it is that we meet, in historical works, with such dates as 
Jan. 174g^, by which is meant the month of January, which, 
according to the old reckoning, was considered part of 
1745, according to the new would have been assigned to 
1746. 

The Russians, and other members of the Greek church, 
are the only Europeans who still adhere to the Julian 
Calendar, or Old Style. The year 1800 having elapsed 
since the alteration was made in England, tlieir dates are 
twelve days in arrear of those of the English and others, 
who have adopted the Gregorian Calendar, or New Style. 
Thus Jan. 1st, o. s., which, in the last century, corresponded 
with Jan. 12th, x. s., corresponds in this century with Jan. 
13th, N. s. 

The Common Notes for the year usually given in our 
Almanacs are, the Cycle of the Moon^ or Golden Number 
(see p. 232.); the Epact; the Cycle of the Sun and the 
Dominical Letter ; the Number of Direction ; and the 
Roman Indiction,* 

* The Roman Indiction is of no use whatever in the Calendar. It 
was a period of 15 years, in which the Romans collected a tax from the 
countries which they bad conquered. To find the Roman Indiction add 
Sto the year of Christ, and divide the sum by 15 ; the remainder is the 
Indiction. Thus, the Indiction for 1845 is 3, for (1845 + S) + 15 leaves 
1 remainder of 3. 

< The Jtdian Period is of no use in the calendar ; however, it may be 
found by adding 4713 to the year of Christ. Thus, for the yeas \%'^\ 
ire h|ive 1844 +4713 ■■ 9557, the year of the 3u\\aa pcnodu 
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TO FIND THE GOLDEN NUMBEB. 



[PABTH. 



I. The Cycle of the Moon is a period of nearly 19 years, 
{see p. 232.) after which the new and full moons fall on the 
same day of the month as they did at the beginning of the 
period. Any number of this period is called the Golden 
Number, 

To find the Golden Number for any Year. 

Rule. — Add 1 to the given year, and divide the snm by 
19, the remainder is the Golden Number. If there be no 
remainder, the Grolden Number is 19. 

Example. — What is the Golden Number for the year 
1850? 

(1850+ 1)-^- 19 leaves a remainder of 8, which therefore 
is the Golden Number. 

XL The Epactfor any Year is the moon's age at the be- 
ginning of that year ; that is, the number of days which 
have elapsed since the last new moon in the preceding year. 
Its use is to find the Paschal full moon. 

To find the Epactfor any Year till 1900. 

Rule. — Find the Golden Number and subtract 1 from it, 
multiply the remainder by 11, and the product will be the 
Epact ; if the product exceed 30, divide it by 30, and the 
remainder will be the Epact. When the Golden Number is 
1, the Epact is 29. 

Example, — What is the Epact for the year 1850 ? 

The Golden Number for 1850 is 8, hence (8— l)xll= 
77 -i- 30= 2, with a remainder of 17, which last is the Epact 
for 1850. 

In the table on page 233, the epact for any year is the 
last number in the column under that year. 



A Table of the Epacts till the Year 1900. 


Golden 
Numbers. 


Epacts. 


Golden 
Numbers. 


Epacts. 


Golden 
Numbers. 


Epacts. 


Golden 
Numbers. 


Epacts. 


7:XTX. 


6 


XXV. 


11 


XX. 


16 


XV. 


2 


XI. 


7 


VI. 


12 


I. 


17 


XXVI 


3 


XXTT. 


8 


XVII. 


13 


xn. 


18, 


VIL 


4 


m. 


9 


XXVTIT. 


14 


xxm. 


19 


XVJIL 


5 


XTV- 


10 IX. 


15 


IV. 
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in. The Cycle of (he Sun is a period of 28 years, after 
which the days of the month return to the same days ol' 
the week. This cycle has no reference to the apparent mo- 
tion of the sun, its chief use being to find the Dominical 
Letters. 

In order to connect the days of the week with the days 
of the year, the first seven letters of the alphabet are chosen 
to mark the several days of the week. These letters are 
arranged in such a manner for every year, that the letter 
▲ stands for the first of January, b for the second, c for the 
third, and so on. The seven letters being constantly re- 
peated in their order through all the days of the year, it is 
plain that the same letter will answer to Sunday throughout 
the whole year, which is therefore called the Sunday Letter. 

To find the Cycle of the Sun for any Year till 1900, and 

likewise the Sunday Letter, 

Rule. — Add 9 to the given year, and divide the sum by 
28, the remainder is the year of the solar cycle ; if there be 
no remainder, the solar cycle is 28. Then in the following 
Table, against the solar cycle you will find the Dominical 
Letter. 



1 ED 


5 GP 


9 BA 


13 DC 


17 PE 


21 AG 


25 CB 


2 C 


6 £ 


10 G 


14 B 


18 D 


22 p 


26 A 


3 B 


7d 


11 P 


15 A 


19 c 


23 E 


27 G 


4 A 


8 c 


12 E 


16 G 


20 B 


24 D 


28 P 



In a leap-year there are two Sunday Letters ; the left- 
hand letter is used till the end of February, and the other 
till the end of the year. 

Example, — What is the Dominical Letter for 1850? 
(1850 4- 9) -4-28 leaves a remainder of 1 1 ; hence by the above 
table P is the Sunday Letter. 

Or, To the given year add its fourth part, omitting frac- 
tions, and increase the sum by 6, divide the result by 7, 
and the remainder taken from 7 leaves the number of the 
letter ; reckoning a to be 1, b 2, c 3, d 4, e 5, f 6, and 
G 7. In a leap-year this rule always giv^ the letter an- 
Hwering to the months after February. 
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THE KUHBEK OF DIBXCTIOIT. 



[PAKTII, 



JFi»oj»;)fc.— 1849 + 14*9 + 6 = 2317, which, divided by 
7, leaves no remwnder ; henc« o is the Sunday letter. 

Again; 18ol + ii!J +6 = 2319= ^fl +2; 7-2 = 5; 
hence the Sunday letter for X851 is E. 

IV. The Number of Direction is a number to he added to 
the 21at of March to show on what day of the month Easter 
Sunday falls. The earliest Easter possible is the 22nd of 
March, the latest the 25th of April. Within these limits 
are 35 days, and the number of direction varies from 1 to 
35. Thus, if Kaster Sunday falls on the 22nd of March the 
number of direction is 1, if on the 23rd it is 2 ; and so on 
to the 31st, when the number of direction is 10. If Easter 
Sunday falls on the first of April, the number of direction 
IS 11, if on the second it is 12, and so on to the 25tli of 
April, when the number of direction is 35. 



A Table shoving the number of Direction for finding Easter 


Sunday b} the Goldm Number and Oomimcal Ltltir. 


o.„. 


I 


S 


3 4 


5.J7 


e 


9 


to 


u 


i2J:3 


1415 


16 


17 


■V 




2(! 


19 


safi 


ISSflhf. 


12 


SB 


IS 


5 


uu 


.<2K 


IS 


33 










i; 


6 2- 












S7i; 








3 












: 


■(> 








V|S1 






: 






1.^ 


sW 






ai 






29J15 


l|2£ 


IS 


WMl 




■5 






IR 


2'2f 


ifi-wla; 




Ih 




2316 








■ 


R 




■^A 


11 


H'?', 




10 SI 


n 


K 


i!4r 


S\34 


tl 


■illll 


11 


(3-1 


" 


!J5 


IH 


4M5 




"r 


10 






ssliB 


M 



Example. — On what day of the month does Easter Sun. 
(fajr faU in the year 1850? 

The G>olden Number already found is 8, and the Sunday 
Letter p. Under H, and in d line with F in the preceding 
Table, you will find 10, which is the number of direction. 
Easter Sunday falls therefore on the 8th of April, which 
is 18 days in advance of the 21st of March. 

To find the Pabchal FtiLL Hooir, and thenee Easter Day 
by the Epact, 

Add 6 to the Epact (if this sunt exceeds 30, 30 mart 
be taken from it), and subtract the sum from 50 ; the »• 



CHAP. Vn.] table for finding EASTER. 



241 



mainder is the Paschal full moon, or Easter limit. Add 4 
to the number of the Dominical letter, subtract the sum from 
the limit, and the. remainder from the next higher number, 
which will divide even by 7. The last remainder added to 
the limit will give the number of days from the first of 
March to Easter Day, both inclusive. 

Example, — Find the Paschal full moon and Easter Day 
for the year 1850. 

The Epact already given is 17, then 50— (l7 + 6)=27, 
Easter limit or Paschal full moon. The Dominical letter is 
f; hence the number of the letter is 6, and 27— (6-f4)=17, 
the next higher number to which divisible by 7 without a re- 
mainder is 21. Therefore, 21 — 17=4 ; then 4 being added 
to 27, the limit gives 31, the days from the 1st of March ; 
hence Easter day is the 31st of March as before. 



A Table for finding Easter till the Year 1900. 


Epacts. 


Paschal Full 
Moons. 


Epacts. 


Paschal Full 
Moons. 


XXIX. 

XL 
XXIL 

IIL 
XIV. 
XXV. 

VL 
XVIL 

xxvm. 


13 April E. 

2 April A. 
22 March d. 
10 April B. 
30 March e. 
18 April c. 

7 April F. 
27 March b. 
15 April G. 


IX. 

XX. 
L 

Xll. 
XX IIL 

IV. 

XV. 
XXVL 

VIL 
XVITL 


4 April C. 
24 March F. 
12 April D. 

1 April G. 
21 March c. 

9 April A. 
29 March d. 
17 April B. 

6 April B. 
26 March A. 



The Use of the Table. — Find the Epact (by some of 
the preceding methods), against which, in the Table, is the 
day of the Paschal full moon, with its corresponding weekly 
letter. 

Example, — On what day does Easter Sunday fall in the 
year 1850? 

The Epact is 17, against which, in the Table, is the 27th of 
March, the day of the Paschal full moon ; and this happens 

M 
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on a Wednesday, as indicated by the letter b ; b being the 

Sunday letter for the year ; hence Easter Sunday falls on the 

31st of March. 

Easter Sunday being found, all the moveable feasts which 

depend upon it are known. 

Septuagesima Sunday is 9 weeks 

Sexagesima Sunday is 8 weeks 

Shrove Sunday or Quinquagesima Sunday is 7 weeks 

Shrove Tuesday and Ash Wednesday follow Quinqua- 
gesima Sunday 

Quadragesima Sunday is 6 weeks 

Palm Sunday a week 

Good Friday two days 

Low Sunday is 1 week 

Rogation Sunday is 5 weeks 

Ascension Day or Holy Thursday the Thursday fol- 
lowing Rogation 

Whit Sunday is 7 weeks 

Trinity Sunday is 8 weeks 
Then follow all the Sundays after Trinity in order. The 

Sundays between Ash Wednesday and Easter are called 

Sundays in -Lent ; and the Sundays between Easter and 

Whit Sunday are called Sundays after Easter. 

V. By Act of Parliament Easter Day is the first Sunday 

after the full moon which happens upon, or next after, the 

21st of March ; and if the full moon fall on a Sunday, 

Easter Day is the Sunday after.* 

* The astronomical full moon does not always exactly coincide with 
the Paschal full moon, as established by the authorised tables. Thus, in 
the year 1845> the astronomical full moon was on Sunday the 2Srd of 
March, but the calendar full moon was on Saturday the 22nd ; conse- 
quently Easter day was the Sunday following, yiz. the 23rd. 
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ELBICENTS OF THE SOLAB SYSTEM. f PABT 



nL The Satellites.* 





Mcmdiit. 








Mm 




in cqnato. 


Si<^ef«a 


Inclinadon of orbit to 


t*m: 




ital radii of 


nvoltttioa. 




MMUm 




primanr* 








prim 


The Moon ... 


69-982176 


27d 7h 43' 


60 8' 47"*5 


0-012! 


Satellites of Jupiter - I. 


604863 


1 18 


28 


3° 6*30" 


o-ooo 


II. 


9-62347 


3 13 


14 


Variable. 


0-000 


III. 


16-35024 


7 3 


43 


Variable. 


0-000 


IV. 


96-99836 


16 16 


32 


29 88' 48" 


0-000 


SatelUtet of Saturn . L 


3-351 


22 


38 


The orbits of the six 




11. 


4300 


1 8 


63 


interior satellites are 




III. 


6-284 


1 21 


18 


▼ery nearly in the plane 




IV. 


6-819 


2 17 


46 


of the ring, that of the 




V. 


9-624 


4 12 


26 


seventh approaches 




VI. 


22-081 


16 22 


41 


nearer to coincidence 




VII. 


64-359 


79 7 


65 


with the ecliptic. 
Their orbits are in- 




Satellites of Uranus I.? 


13-120 


6 21 


96 




II. 


17-022 


8 16 


66 


clined about 79P 58' to 




iir.? 


19-845 


10 23 


4 


the ecliptic, and their 




IV. 


22*752 


13 11 


9 


motion is retrograde. 




v.? 


45-607 


38 I 


48 






VI.? 


91-008 


107 16 


40 






Satellite of Neptune * 


4-28? 


6 20 


6 


About 18© 13' 





• Taken, with the exception of the elements of Neptune's f atelUte> flrom the Ta 
at the end of Herschel's Astronomy. 
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PART in. 

CONTAINING PROBLEMS PERFOBMED BT THE TEBRESTBIAL 

AND CELESTIAL GLOBES. 



Chapter L 
« 
Problems performed by the Terrestrial Globe. 

preparatory problem. 

To cut a card so as to coincide with the convex surface of the 
globe and the graduations on the brazen meridian. 

Rule. With the semi-diameter of the globe for a radius 
(that is, with a radius of six inches for a twelve-inch globe, 
nine inches for an eighteen-inch globe, and so on), and any 
point, c, as a centre, describe the arc a b of any convenient 
length. From c, through the points a and b^ draw the lines 




C A D, c B E, and connect the points d and £ with a plain o^ 
ornamental line : then if the figure a b d e be cMt ^\wqc»\\A^ 

u 3 
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out with any very sharp tool, the arc A b will fit the convex 
surface, and the sides A d, b e, will become produced radii of 
the globe, corresponding exactly with the divisions marked 
on the brazen meridi&n. This* card for want of a better 
name, I have called an Index Card. 

The use of this card is to read off the brazen meridian 
correctly, as well as to preserve the globe from the injuries 
it frequently sustains from the pernicious custom of applying 
the point of a pair of compasses, &c., to its surface, par- 
ticularly in working those problems that require a rotation 
of the globe on its axis, at the same time that a certain point 
of declination or latitude is preserved.* 

Problem I, 
To find the latitude of any given jdctee* 

DIRECTION. 

While working the examples in the following problems, the 
student is recommended to make himself perfectly ac- 
quainted with the precise meaning of every term used, as 
latitude, declinaticm, altitude, &c., which he will find ex- 
plained in the early pages of this treatise, and which ooaj 
be readily referred to by consulting the Table of Contents 
immediately following the Preface, He is also particu- 
larly reminded that one half of the brass meridian is num- 
bered from the equator to the, poles. This is used to find 
the latitude and declination of the sun, and should be kept 
above the horizon. The other half is numbered from the 
poles to the equator, and is used only for elevating the 
poles, and should be kept below the horizon. 

Rule. Bring the given place to the brass meridian : the 
degree directly above the place is the latitude. If the place 

* In applying the Index Card, place the flat side of the card against 
the graduated side of the brazen meridian, while the concave edge rests 
on the surface of the globe ; then, if one of the extreme ends of the con- 
cave arc be brought exactly to touch the given place, star, &c., the 
straight edge of the Index Card will cut the true latitude of the place or 
declination of the star, &c., which will be read off as correctly and easily 
as if the graduated edge of the meridian itself extended to the very sur- 
face of the globe. Any degree, or even a quarter of a degree of the 
equator, ecliptic, &c. intersected by the brazen meridian, may be read off 
with equal correctness and &cility by a similar application of the Indei 
Card. 
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be on the north side of the equator, the latitude is north ; if 
it be on the south side, the latitude is south.* 
Examples. What is the latitude of Edinburgh ? 

Answer, 56° north. 

2. Required the latitudes of the following places : 

Amsterdam Florence Philadelphia 

Archangel Gibraltar Quebec 

Barcelona Hamburgh Rio Janeiro. 

3. Find all the places on the globe which have no lati- 
tude. 

4. What is the greatest latitude a place can have ? 

Problem II. 

To find all those places which have the same latitude as any 

given place. 

Rule. Bring the given place to the brass meridian, and 
observe its latitude ; turn the globe round, and all places 
passing under the observed latitude are those required. 

All places in the same latitude have the same length of day and night 
and the same seasons of the year, though, from local circumstances, they 
may not have the same atmospherical temperature. 

Examples. 1. What places have the same, or nearly the 
same, latitude as Madrid ? 

Answer. Minorca, Naples, Constantinople, Samarcand, Philadelphia, 
Pekin, &c. 

2. What inhabitants of the earth have the same length of 
days as the inhabitants of Edinburgh ? 

3. What places have nearly the same latitude as London ? 

4. What inhabitants of the earth have the same seasons of 
the year as those of Ispahan ? 

5. Find all places of the earth wliich have the longest day 
the same length as at Port Royal in Jamaica. 

What places have the same latitude as the following ? 

6. Rio Janeiro 9. Lima 12. Botany Bay 

7. Quito 10. Copenhagen 13. St. Helena 

8. Cairo 11. Petersburgh 14, Paris. 

* Observe that in using either globe, it is to be so placed that the ffra^ 
duated side of the brazen meridian may be towards the right Imnd. 

On maps, the figures which show the latitude are placed un the sides : 
if the figures increase upwards, the latitude is north ; if downwards, south. 

M 4 
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Problem III. 

To find the longitude of a place. 

Rule. Bring the given place to the brass meridian, and 
the degree of the equator cut by the brass meridian will be 
the longitude. If the figures increase towards the right hand, 
the longitude is east; if towards the left, west.* 

On many globes there are two rows of figures above the equator which 
show the longitude ; those denoting the east m well as those showing the 
west longitude being carried quite round the globe. In this case those 
figures are to be used which are of the least amount. 

Examples. 1. What is the longitude of Petersburgh ? 

Answer, SO;}^ east. 

2. What is the longitude of Philadelphia ? 

Atuwer, 75^° west. 

3. Required the longitudes of the following places : 

Aberdeen Bombay Carlscrona 

Alexandria Botany Bay Cayenne 

Barbadoes Canton Civita Vecchia. 

4. What is the greatest longitude a place can have ? 



Problem IV. 

To find all those places that have the same longitude as a 

given place. 

Rule. Bring the given place to the brass meridian, then 
all places under the same edge of the meridian from pole to 
pole have the same longitude. 

The inhabitants of all places having the same longitude have noon and 
all the other hours of the day alike. 

Examples. 1. What places have the same, or nearly the 
same, longitude as Stockholm ? 

Answer. Dantzic, Fresburg, Tarento, the Cape of Good Hope, &c. 

2. What places have the same longitude as Alexandria? 

3. When it is ten o'clock in the evening at London, what 
inhabitants of the earth have the same hour ? 

4. What inhabitants of the earth have midnight when the 
inhabitants of Jamaica have midnight ? 

* On maps the longitude is always placed at the top and bottom. 
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5. What places of the earth have the same longitude as 
th« following places? 

London Quebec The Sandwich Islands 

Fekin Dublin Felew Islands. 

What places have the same longitude as the following ? 

6. Oporto 8. Jerusalem 10. Cape Horn 

7. Cairo 9. Botany Bay 11. Ispahan. 

Problem Y. 

To find the laHttule and longitude of any place. 

Rule. Bring the given place to the brass meridian ; the 
degree immediately above the place is the latitude, and the 
degree on the equator, cut by the brass meridian, is the 
longitude. 

This problem is only an exercise of the^r«^ and third. 

Examples. 1. What are the latitude and longitude of 
^etersburgh ? 

Antwer, Latitude 6(P N. ; longitude SOj^ £. 

2. Required the latitudes and longitudes of the following 
places : 

Acapulco Cosco Lima 

Aleppo Copenhagen Lizard 

Algiers Durazzo Lubec 

Archangel Elsinore Malacca 

Belfast Flushing Manilla 

Bergen Cape Guardafui Medina. 

Problem VI. 

To find any place on the globe having the latitude and 

longitude of that place given. 

Sule. ' Find the given longitude on the equator, and bring 
it to that part of the brass meridian marked 0, then under 
the given latitude on the brass meridian will be found the 
place required. 

Examples. 1. What place has I5l^° east longitude and 
34^ south latitude ? 

Answer, Botany Bay. 

What places have nearly the following latitudes and lon- 
^tudes ? 

M 5 



250 



FROBLBMS PEBFORMEB BT 



[past III* 



Latitudes. 


Longitudes. 


Latitudes. 


2. 50° N. 


6° W. 


12. 19i*^N. 


3. 48^ N. 


lejE. 


13. 60 N. 


4. 56 N. 


3: W. 


14. i S. 


5. 52i N. 


4-E. 


15. 47 N. 


6. 31 J N. 


30 E. 


16. 59i N. 


7. 644 N. 


39 E. 


17. 8| N. 


8. 34i S. 


ISJE. 


18. 5 S. 


9. 3| S. 


102| E. 


19. 23 S. 


10. 34| S. 


58| W. 


20. 36 N. 


11. 32|N. 


52|E. 


21. 32i N. 



Longitudes. 
100 W. 

304 E. 

78 W. 

70 W. 

18 E. 

81iE. 
119|E. 

42|W. 
5|W. 

17 W. 

Fboblem VII. 
To find the difference oflcUitude between any two places. 

Rule. Find the latitudes of both the places (by Prob. I.); 
then, if the latitudes be both north or both south, dubtract 
the less from the greater, and the remainder will be the 
ditiference of latitude ; but, if the latitudes be one north and 
the other south, add them together, and their sum will be 
the difference of latitude. 

Examples. 1. What is the difference of latitude between 
Philadelphia and Petersburgh ? 

Petersburgh - - - - - 60 N. 

Philadelphia - - - - - 40 N. 

Difference 20 

2. What is the difference of latitude between Madrid and 
Buenos Ajrres ? 

Madrid - - - - - -40 N. 

Buenos Ayres - - - - - 35 S. 



Required the difference of 
places : 

3. London and Rome 

4. Delhi and Cape Comorin 

5. Vera Cruz and Cape 

Horn 

6. Mexico and Botany Bay 

7. Astracan and Bombay 

8. St Helena and Manilla 

9. Copenhagen and Toulon 

10. Brest and Inverness 

11. Cadiz and Sierra Leone 



75 

latitude between the following 

12. Alexandria and the Cape 
of Good Hope 

13. Pekin and Lima 

1 4. St. Salvador iand Surinam 

15. Washington and Quebec 

16. Porto Bello and the 
Straits of Magellan 

17. Trinidad L and Trin- 
comal^ 

18. Bencoolen and Calcutta.. 
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19. What two places on the globe have the greatest 
difiference of latitude ? 

Problem VIIL 
To find the difference of longitude between any two places. 

Rule. Find the longitudes of both the places (by Prob. 
HL) ; then, if the longitudes be both east or both west, sub- 
tract the less longitude from the greater, and the remainder 
will be the difference of longitude : but, if the longitudes be 
one east and the other west, add theq^ together, and their 
sum will be the difference of longitude, if it does not exceed 
180 degrees. 

When this sum exceeds 180 degrees, take it from 360, and 
the remainder will be the true difference of longitude. 

Examples. 1. What is the difference of longitude be- 
tween Barbadoes and Cape Verd ? 

Barbadoes - - - - - - 60 W. 

Cape Verd 16^ W. 

43} 

2. What is the difference of longitude between Buenos 
Ayres and the Cape of Good Hope ? 

Buenos Ayies - - - - - 59 W. 

Cape of Good Hope - - - - - 18 E. 

77 

3. What is the difference of longitude between Botany 
Bay and Owhyhee ? 

Botany Bay ----- 151 E. 

Owhyhee ------ 156 W. 

307 
360 

Tnu Difference 53 

Required the difference of longitude between the fol- 
lowing places : 



4. Vera Cruz and Canton 

5. Bergen and Bombay 

6. Columbo and Mexico 
7- Juan Fernandez I. and 

Manilla 



8. Pelew I. and Ispahan 

9. Boston in America and 
Berlin 

10. Constantinople and Ba- 
tavia 
M 6 
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14. Mount ^tna and Tene- 

riffe 

15. North Cape and Gibral- 

tar. 



11. Bermudas L jand I, of 

Rhodes 

12. Portpatrick and Berne 

13. Mount Hecla and Mount 

Vesuvius 

16. What is the greatest difference of longitude compre 
hended between two places ? 

Problem IX. 
To find the shortest distance between two places* 

EuLE. Lay the graduated edge of the quadrant of alti- 
tude over both places, so that the division marked maj be 
over one of them, and the degree over the other will show 
the number of degrees between them. 

Multiply the degrees by 60, the product will be geogra- 
phical miles ; or multiply by 69 J for English miles. 

Or, Take the distance between the two places with a 
pair of compasses, and apply that distance to the equator, 
which will show how many degrees it contains. 

K the distance between the two places should exceed the 
length of the quadrant, stretch a piece of thread over the 
two places ; the extent of thread between these marks, ap- 
plied to the equator, from the meridian of London, will show 
the number of degrees between the two places. 

Examples. 1. What is the nearest distance between the 
Lizard and the Island of Bermudas ? 



45} distance in degrees. 
60 


45*75 distance in degrees. 
69-1 


2700 
SO 
15 


4575 
41175 
27450 


745 geographical miles. 


3161*325 English miles. 



2. What is the direct distance between London and Ja- 
maica, in geographical and English miles ? 

3. What is the extent of Europe, in English miles, from 
Cape Matapan, in the Morea, to the North Cape, in Lap- 
land? 

4. What is the extent of Africa from Cape Yerd to Cape 
Guardafui ? 
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5m What is the extent of South America, from Cape Blanco 
1 the west to Cape St. Roque in the east ? 

6. Suppose the track of a ship to Madras he from the 
izard to St. Anthony, one of the Cape Verd Islands, thence 
» St. Helena, thence to the Cape of Good Hope, thence to 
le east of the Mauritius, thence a little to the south-east of 
leylon, and thence to Madras ; how many English miles is 
le Land's End from Madras ? 

What is the distance hetween the following places ? 

7. London and Paris 

8. London and Cairo 

9. Cairo and Bomhay 
10. London and Madeira 

IL Madeira and the Cape of Grood Hope 

12. The Cape of Good Hope and Madi*as 

13. Bristol and Oporto 

14. Liverpool and New York. 

15. How many miles English would a ship sail in circum- 
lavigating the world by the following track ? 

London to Madeira 

Madeira to Cape Horn 

Cape Horn to Otaheite 

Otaheite to Botany Bay 

Botany Bay to Torres' Straits 

Torres' Straits to the Cape of Good Hope 

The Cape of Good Hope to St. Helena 

St. Helena to the Azores 

The Azores to London. 

Problem X. 

i place being given on the globe^ to find all places which 
are situated at the same distance from it as any other given 
place. 

Rule. Lay the graduated edge of the quadrant of altitude 
irer the two places, so that the division marked may be 
1 one of the places, then observe what degree of the 
oadrant stands over the other place; move the quadrant 
itirely round, keeping the division marked in its first 
tuation, and all places over which the observed degree 
isses will be those sought. 

Ob, Place one foot of a pair of compasses in one of the 
yen places^ and extend the other foot to the other given 
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place; a circle described from the first place as a centre, 

with this extent, will pass through all the places sought.' 

If the distance between the two given places should exceed the length 
of the quadrant, or the extent of a pair of compasses, stretch a piece of 
thread over the two places, as in the preceding problem. 

Examples. 1. It is required to ^d all the places on the 
globe which are situated at the same distance from London 
as Warsaw is. 

Answer, Konigsburg, Buda, Posega, Alicant, &c. 

2. What places are nearly at the same distance from 
London as Petersburgh is ? 

3. What places are nearly at the same distance from 
London as Constantinople is ? 

4 What places are nearly at the same distance from 
Home as Madrid is ? 

What places are nearly at the same distance &om London 
as the following places ? 

5. Rome 8. The Ferroe Isles 

6. Moscow 9. Oporto 

7. New York 10. Ispahan. 

11. We procure a delicious fruit from an island in the 
Atlantic, at the same distance from London as Constanti- 
nople iSj what are the island and the fruit ? 

Problem XI. 

Given the latitude of a place and its distance from a given 
place, to find that place whereof the latitude is given. 

Rule. If the distance be given in English or geographi- 
cal miles, turn them into degrees, by dividing by 69*1 for 
English miles, or 60 for geographical miles ; then put that 
part of the graduated edge of the quadrant of altitude which 
is marked upon the given place, and move the other end 
eastward or westward (according as the required place lies to 
the east or west of the given place), till the degrees of distance 
cut the given parallel of latitude : imder the point of inter* 
section you will find the place sought. 

Or, Having reduced the miles into degrees, take the same 
number of degrees from the equator with a pair of compasses^ 
and with one foot of the compasses in the given place, as a 
centre, and this extent of degrees, describe a circle on the 
globe ; turn the globe till some point of this circle falls under 
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gi^en latitude on the brass meridian, and the place 
Ji eoincideB with this point of the circle is the place 
ired. 

CABCFLE8. 1. A place in latitude 60° N. is 131 2*9 Eng- 
miles from London, and it is situated in E. longitude ; 
[red the place. 

twer. Divide 1312-9 by 69*1 miles, the quotient will give 19 de- 
; hence the required place is Petersburgh. 

A place in latitude 32^® N. is 1350 geographical miles 
. London, and it is situated in W. longitude ; required the 



3. 



twer. Divide 1 350 by 60, the quotient is 22° 30', or 22 J degrees ; 
t the required place is the west point of the island of Madeira. 

What place in E. longitude, and 41° N. latitude, is 
)*2 English miles from London ? 

What place in W. longitude,and 13*^ N. latitude, is 3660 
iraphical miles from London ? 

A place in E. longitude, and 30® N. latitude, is 31 de- 
s from London, what is the place ? 

A place in E. longitude, and 60° N. latitude, is 19 de- 
B from London, what is the place ? 

What place in 41° N. latitude, and R longitude, is 22 
ees from London ? 

What place in 18° S. latitude, andW. longitude, is 73 
ees from Cape Horn ? 

What place in 19° N, latitude, and E. of Cairo, is 40 de- 
3 from that place ? 

Problem XII. 

m the longitvde of a place and its distance from a given 
ace, to find that place whereof the longitude is given. 

[JLB. If the distance be given in miles, turn them into 
ees, as in the last problem. Bring the given longitude 
le brass meridian. Place the of the quadrant of alti- 
over the given place, and move the other end of the 
Irant till the given number of degrees cut the brass 
dian, under which point the required place will be 
d, 

he question will direct whether the quadrant is to be 
to the north or south of the given place. 
ESy Having reduced the miles into degrees, take the same 
ber of degrees from the equator with a pair of com- 
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posses, and nith one foot of the compasses in th 
place, as a centre, and this extent of degrees, dei 
circle on the globe ; bring the given longitude to tl 
meridian, and 70U will find ika place, upon the circli 
the brass meridian. 

Examples. 1. A place in north latitude, snd ii 
grees west longitude, is 4215-1 English miles from ] 
required the place. 

Aiaaa: Divide 4SI5'1 milei b; 69'1 miles, the quoLient vi 
degrees ; hence the requiied place i> tbe island of Bartuuioes. 

2. A place in north latitude, and in 75+ degrt 
longitude, is 3120 geographical miles fromXondoi 
place is it ? 

3. A place in 31^ degrees east longitude, and 
southward of London, is 22112 English miles frora 
quired the place. 

4. A place in 29 degrees east longitude, and 
southwanl of London, is 1520'2 English miles from 
quired the place. 

5. A place in 18 degrees east longitude, and soutL 
Rio Janeiro, is 54^ degrees from it; required the pli 

6. What place situated to the northward of Mad 
in 116^ east longitude, is 43 degrees from it ? 

7. What place in 68 degrees east longitude, and no 
of Ispahan, is 28 degrees from it ? 

8. What place in 13 degrees east longitude, and no 
of Moscow, is 10^ degrees from it ? 

Pboblek "gnT. 

To find AO10 many mile» make a degree of longitude 
given parallel of latitade. 

Kple. Lay the quadrant of altitude parallel to tl 
tor, between any two meridians in the given latitude 
differ in longitude 15 degrees'; the number of deg 
tercepted between them, multiplied by 4, will give th< 
of a degree in geographical miles. The geographic 
may be brought into English miles by multiplying 
and dividing by 60, 

■ The meridians on Cikt'b largt globei are dnwn through 
degrees. The rule irlU aniver for these globes by reading 1( 
for 1 5 degrees, and muliiplying by 6 instead of 4. 
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Or, Take the distance between two meridians, which 
lififer in longitude 15 degrees in the given parallel of lati- 
ude, with a pair of compasses ; apply this distance to the 
iquator, and observe how many degrees it makes: with 
rhich proceed as above. 

Since the quadrant of altitude will measure no arc truly but that of a 
Ipreat circle ; and a pair of compasses will only measure the chord of an 
irc, not the arc itself; it follows that the preceding rule cannot be ma- 
thematically true, though sufficiently correct for practical purposes. 
M^en great exactness is required, recourse must be had to calculation. 

The above rule is founded on a supposition that the number of degrees 
contained between any two meridians, reckoned on the equator, is to the 
lumber of degrees contained between the same meridians, on any parallel 
>f latitude, as the number of geographical miles contained in one degree 
^ the equator, is to the number of geographical miles contained in one 
L^ee on the given parallel of latitude. Thus, in the latitude of London, 
Wo places which differ 15 degrees in longitude are 9j;^ distant by the rule. 
Sence, 15° : 9i°::60m. : 37m., or 15° : 60m. :: 9^° : 37m., but 15 is 
o 60 as 1 is to 4, therefore, 1 : 4 : : 9;} : 37 geographical miles contained 
Q one d^ree. Now, any number of geographical miles (as before ob- 
erved) may be brought into English miles by multiplying by 69*1 and 
ivi^g by 60. 

Examples. 1. How many geographical and English 
idles make a degree in the latitude of Pekin ? 

Answer, The latitude of Pekin is 40° north : the distance between two 
Meridians in that latitude (which differ in longitude 15 degrees) is 11^ 
Agrees. Now 1 1]^ degrees multiplied by 4, produces 46 geographical 
Ules for the length of a degree of longitude in the latitude of Pekin ; 
lid if 46 be multiplied by 69*1 and the product divided 60, it will give 
2-97, or nearly 53 for the length of a degree in English miles. On, by 
lerule of three, 15° : 69'lra. ::lli° : 52-97 miles. 

. 2. How many miles make a degree in the parallels of 
ititude wherein the following places are situated ? 

Surinam Washington Spitzbergen 

Barbadoes Quebec Cape Verd 

Havannah Skalholt Alexandria 

Bermudas L North Cape Paris. 
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The following table is calculated thus : — Radius is to the length of a 
degree upon the equator, as the co-sine of the given latitude b to the 
length of a degree in that latitude. See this proposition illustrated \\x 
Keith's Trigonometry, page 296. fourth edition. 



Deg. 


Geog. 


English 


Deg. 


Geog. 


English 


Deg. 


Geog. 


English 


Lat. 


MUes. 


Milec. 


Lat. 


Miles. 


Miles. 


Lat. 

61 


MUes. 


Miles. 





60 <X) 


69-07 


31 


51-43 


59-13 


29-09 


33-45 


1 


59-99 


69-06 


32 


50-88 


58-51 


62 


28-17 


32-40 


2 


59-96 


69-03 


33 


50-32 


57-87 


63 


27-24 


31-33 


3 


59-92 


68-97 


34 


49-74 


57-20 


64 


26-30 


30-24 


4 


59-85 


68-90 


35 


49-15 


56-51 


65 


25 86 


29-15 


5 


59-77 


68-81 


36 


48-54 


55-81 


66 


24-40 


28-06 


6 


59-67 


68-62 


37 


47-92 


55-10 


67 


23-45 


26-96 


7 


59-55 


68-48 


38 


47-28 


54-37 


68 


22-48 


25-85 


8 


59*42 


68-31 


39 


46-63 


53-62 


69 


21-50 


24-73 


9 


59-26 


68-15 


40 


45-96 


52-85 


70 


20-52 


23-60 


10 


59-09 


67-95 


41 


45-28 


52-07 


71 


19-53 


22-47 


11 


58-89 


67-73 


42 


44-59 


51-27 


72 


18-54 


21-32 


12 


58-69 


67-48 


43 


43-88 


50-46 


73 


17-54 


20-17 


13 


58-46 


67-21 


44 


43-16 


49-63 


74 


16-54 


19-02 


14 


58-22 


66-95 


45 


42-43 


48-78 


75 


15-53 


17-86 


15 


57-95 


66-65 


46 


41-68 


47-93 


76 


14-52 


16-70 


16 


57-67 


66-31 


47 


40-92 


47-06 


77 


13-50 


15-52 


17 


57-38 


65-98 


48 


40-15 


46-16 


78 


12-48 


14-35 


18 


57-06 


65-62 


49 


39-36 


45-26 


79 


11-45 


13-17 


19 


56-73 


65-24 


50 


38-57 


44-35 


80 


10-42 


11-98 


20 


56-38 


64-84 


51 


37-76 


43-42 


81 


9-38 


10-79 


21 


56-01 


64-42 


52 


36-94 


42-48 


82 


8-35 


9-59 


22 


55-63 


63-97 


53 


36-11 


41-53 


83 


7-31 


.8-41 


23 


55-23 


63-51 


54 


35-27 


40-56 


84 


6-27 


7-21 


24 


54-81 


63-03 


55 


34-41 


39-58 


85 


5-22 


6-00 


25 


54-38 


62-53 


56 


33-53 


38-58 


86 


4-18 


4-81 


26 


53-93 


62-02 


51 


32-68 


37-58 


87 


3-14 


3-61 


27 


53-46 


61-48 


58 


31-79 


36-57 


88 


2-09 


2-41 


28 


52 97 


60-93 


59 


30 90 


35-54 


89 


1-05 


1-21 


29 


52-48 


60-35 


60 


30-00 


34-50 


90 


0-00 


0-00 


30 


51-96 


59-75 


Lei 


Qgth of X 


i degree 


69 07 


Englisl 


1 miles. 



Problem XIV. 
To find the bearing of one place from another. 

Rule. If both the places be situated on the same parallel 
of latitude, their bearing is either east or west from each 
otlier ; if they be situated on the same meridian, they bear 
north and south from each other. 
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If not in the above positions, make a small mariner's com- 
S8 (such as in Plate I. Fig, 4.), and apply the centre of it 
any given place, so that the north and south points may 
ineide with some meridian ; the other points will show the 
arings of all the circumjacent places, to the distance of 
awards of a thousand miles, if the central place be not far 
slant from the equator. 

Examples. 1. Which way must a ship steer from the 
izard to the island of Bermudas ? 

Answer. W.S.W. 

2. Which way must a ship steer from the Lizard to the 
Land of Madeira. 

Answer, S.S.W. 

3. Required the bearing between London and the following 
laces: 



Amsterdam 


Copenhagen 


Petersburgh 


Athens 


Dublin 


Prague 


Bergen 


Edinburgh 


Rome 


Berlin 


Lisbon 


Stockholm 


Berne 


Madrid 


Vienna 


Brussels 


Naples 


Warsaw. 


Buda 


Paris 
Problem XV. 





To find the angle of position between two places. 

Rule. Elevate the pole equal to the latitude of one of 
le given places; bring that place to the brass meridian, 
id screw the quadrant of altitude over it ; next move the 
ladrant till its graduated edge falls upon the other place ; 
en the number of degrees on the wooden horizon, between 
e graduated edge of the quadrant and the brass meridian, 
ckoning towards tlie elevated pole, is the angle of position 
^ween the two places. 

Examples. 1. What is the angle of position between 
^ndon and Prague ? 

An$iver, 90 d^rees from the north towards the east : the quadrant of 
itude will fall upon the east point of the horizon, and pass over or near 
e following places, viz. Rotterdam, Frankfort, Cracow, Ockzakov, 
ifi&, south part of the Caspian Sea, Guzerat in India, Madras, and part 
the island of Ceylon. Hence all these places have the same angle of 
sition from London. 
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2. What is tbe angle of fM»itton between London and 
Fort Rojal in Jamaica ? 

AniKet. 90 degrees firom'lhe aorth towardi tbe veM; tbe qukdnnl 
of altitude vill fall upon the wot ptunt of tbe boiizon. 

3. What is the angle of position between Fhiladelphift 

and Madrid ? 

AniKiT. S5 degren from tbe north towarda the eut ; tbe quadrant of 
altitude will &U belireea the E.N.E. and N.E. by E. jwints cf Um 
horuon, 

4. Required the angles of position between London and 
the following places : 

Amsterdam Copenhagen Rome 

Berlin Cairo Stockholm 

Berne Lisbon Petersboi^h 

Constantinople Madras Quebec 

Tlie preceding problem bos been the occauon of many disputes amoii^ 
writen on tbe globes. Some suppooe the angle of position to represent 
the true bearing of tiro places, via. that point of lAe ajrapiui i^KHtJnhUk 
any ptrum mttl coialaxily tail or trap^ fmm the one plact to iJii oAtrj 
while otben contend that tbe angle of position beCveeo two places ii 
very diO^erent from their bearing by the mariner's compass. We shall 
bere endeaToui to set the matter in a clear paint of Tiev. I^e following 
figure represents a quarter of the sphere, stereograph ically projected on 
the plane of the meridian with the half meridians and paralleli of latitude' 
drawn through every ten degrees ; t represents the north pole, and i<t a 
portion of the equator. Now, by attending to the manner of finding the 
angle of position, as laid down in the foregoing problem, we shall find 
that the ^aadrant of aSitudi alaayi formt the ban of a ipHirKal triaugll, 
Iht tKO lula of lekich triangle are lAt compleniaiti of lit latituda ofthilwt 
plaaSy and the vertical raiffle ie their di^fferenca of looffilude. The angles at 
the base of this triangle are the angles of position between the tito 
place). 

1. When the (vo plaeti art tijuattd on 

Let two pieces l and o be situated 
in latitude 50° north, and differing in 
longitude 4S° Sff, which will nearly 
correspond with the Land's End and 
the eastern coaaC of Newfoundland {»« 
the note to Prob. IX); then o r and LP 
will be each 40 degrees, the angle o rL, 
measured by the arc w q, vill be 48° SO' ; 

may be found (by Case III. page 24J, 

XtilKt TrigonamHry) being 30° 99' G', 

the an^e f L o equsJ to r o t, tbe tri- i 

angle being isosceles, is 70° 49' 30*1 

and if a be the middle point between i. and o, the latitude of that pwnl 
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will be found to be 52^ 37' north, and the angles p n l and p n o will be 
right angles. Now, if an indefinite number of points be taken along the 
e(^e of the quadrant of altitude, viz. on the arc l n o, the angle of posi- 
tion between l and each of these points will be N. 70° 49' 30* W. ; but, 
if it were possible for a ship to sail along the arc l n o, by the compass, 
her latitude would gradually increase between l and n, from 5(P N. to 
529 37' N. ; and the courses she must steer would vary from 7(P 49' 3(f 
at L, to 90^ at n. In sailing from n to o, she must decrease her latitude 
from 52° 37' N. to 50° N. and her courses must vary from 90°, or directly 
west, to 70° 49' 30* ; but, if a ship were to sail along the parallel of lati- 
tude Tjfn Of her course would be invariably due west. Hence it follows 
that, if two places be situated on the same parallel of latitude, the angle 
of position between them cannot represent their true bearing by tiid 
mariner*s compass. 

CoROLLART. If the two places were situated on the equator as at u> 
and Q, the angle of position between q and w and between q and all the 
intermediate points, as at k, would be 90 degrees. In this case therefore, 
and in this only, the angle of position shows the true bearing by the com- 
pass. 

2. If the two places differ hath in latitudes and longitudes, 

Ijet L represent a place in latitude 50° N. ; b a place in latitude 
13° 30^ N., and let their difference of longitude bfl, measured by the 
are 6 Q, be 52° 58'. The angle of position between i. and b (calculated 
by spherical trigonometry) will be found to be S. 68° 57' W. and the 
angle of position between b and l will be N. 38° 5' £., whereas the 
direct course by the compass from l to b (calculated by Mercator*$ Sail- 
ing) is S. 50° 6' W., and from b to l it is N, 50° 6' E. If we assume 
fny number of points on the arc l b, the angle of position between i. and 
each of these points will be invariable ; viz. p l v, p l ^, f l y, p l «, p l r, 
&c. are each equal to 68° 57' : while the angle of position between each 
of these places and l, viz. pol, p^l, pj^l, p«L,prL, &c. is continually 
diminishing. If a ship, therefore, were to sail from l, on a S. '68° 57' W, 
course by the mariner's compass, she would never arrive at b ; and were 
she to sail from b, on a N. 38° 5' £. course by the compass, she would 
never arrive at l. 

Hence an angle of position between two places cannot represent their bear^ 
ing, except Mo«e places be on the equator, or upon the same meridiaju 

Problem XVI. 

To find the Antceci, Periceci, and Antipodes to the 
inhabitants of any place. 

Rule. Place the two poles of the globe in the horizon, 
and bring the given place to the eastern part of the horizon ; 
then if the given place be in north latitude, observe how- 
many degrees it is to the northward of th^ east point of th^ 
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horizon ; the same number of degrees to the southward of 
the east point will show the Antceci ; an equal number of 
degrees, counted from the west point of the horizon towards 
the north, will show the Periceci ; and the same number of 
degrees, counted towards the south of the west, will point 
out the Antipodes. If the place be in south latitude, the 
same rule will serve by reading south for north, and the 
contrary. 

Or thus: 

For the AntoRcL Bring the given place to the brass 
meridian and observe its latitude, then in the opposite he- 
misphere, under the same degree of latitude, you will find 
the Antoeci. 

For the Periceci, Bring the given place to the brass 
meridian, and set the index of the hour circle to 12, tura 
the globe half round, or till the index points to the other 12, 
then under the latitude of the given place you will find the 
Perioeci. 

For the Antipodes. Bring the given place to the brass 
meridian, and set the index of the hour circle to 12, turn 
the globe half round, or till the index points to the other 
J 2, then imder the same degree of latitude with the given 
place, but in the opposite hemisphere, you will find the 
Antipodes. 

Examples. 1. Required the Antoeci, Perioeci, and Anti- 
podes, to the inhabitants of the island of Bermudas. 

Answer, Their Antoeci are situated in Paraguay, a little N.W. of 
Buenos Ayres; their Periceci in China, N.W. of Nankin; and their 
Antipodes in the S.W. part of New Holland. 

2. Required the Antoeci, Perioeci, and Antipodes, to the 
inhabitants of the Cape of Good Hope. 

3. Captain Cook, in one of his voyages, was in 50 degrees 
south latitude, and 180 degrees of longitude ; in what part 
of Europe were his Antipodes ? 

4. Required the Antoeci to the inhabitants of the Falkland 
Islands. 

5. Required the Perioeci to the inhabitants of the Philip- 
pine Islands. 

6. What inhabitants of the earth are Antipodes to those 
of Buenos Ayres ? 
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What places have their inhabitants the Antoeci to the 
following places ? 

7. St. Helena 12. Juan Fernandez. 

8. Isle of France 13- Otaheite 

9. Philippine Islands 14. Truxillo 

10. Cape Horn 15. Quebec. 

11. St. Domingo 

Required the Perioeci of the following places : 

16. New Caledonia 21. New Orleans 

17. The Society Isles 22. Pekin 

18. The Sandwich Isles 23. Canton 

19. The Marquesas Isles 24. Celebes Isles. 

20. Quebec 

Required the places whose inhabitants are Antipodes to 
those of the following places : 

25. The Azores 30. New Caledonia 

26. Cape Horn 31. Kerguelen's Land 

27. Borneo 32. Monte Video 

28. New Zealand 33. London. 

29. Lima 

Problem XVII. 

To find at what rate per hour the inhabitants of any given 
place are carried^ from west to east, hy the revolution of 
the earth on its axis. 

Rule. Find how many miles make a degree of longitude 
in the latitude of the given place (by Problem XHI.), which 
xniiltiply by 15 for the answer.* 

Ob, Look for the latitude of the given place in the table, 
Problem XIU., against which you will find the number of 
miles contained in one degree ; multiply these miles by 15, 
and reject two figures from the right hand of the product 
for decimals ; the result will be the answer. 

Sxamfles. 1. At what rate per hour are the inhabitants 

* The reason of this rule is obvious, for if m be the number of miles 
eontained in a degree, we have 24 hours : 360^ x m : : 1 hour : the 
answer ; but, 24 is contained 15 times in 360 ; therefore 1 hour : 
15 X m :: 1 hour : the answer; that is, on a supposition that the earth 
turns <m its axis from west to east in 24 hours ; but we have before ob- 
aenred that it turns on its axis in 23 hours 56 min. 4 sec., which will 
piake a small difference not worth notice. 
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of Madrid carried from west to east hj the revolution of the 
earth OD its axis ? 

Answer, The latitude of Madrid is about 40° N. where a degree of 
longitude measures 46 geographical, or 53 English miles (see Example 1. 
Prob. Xill.) Now, 46 multiplied by 15 produces 690 ; and 53 multi- 
plied by 15 produces 795; hence the inhabitants of Madrid are carried 
690 geographical, or 795 English miles per hour. 

By the Table. Against tlie latitude 40 you will find 45*06 geogra- 
phical miles, and 52*85 English miles: Hence, 

45-96 X 15 = 689-40 and 5285 x 1 5 = 792*75 : by rejecting the two 
right-hand figures from each product, the result will be 689 geogra- 
phical miles, and 792 English miles, agreeing nearly with the above. 

At what rate per hour are the inhabitants of the follow- 
ing places carried from west to east by the revolution of the 
earth on its axis ? 

2. Skalholt 6. Philadelphia 10. Cape of Good Hope 

3. Spitzbergen 7. Cairo 11. Calcutta 

4. Petersburgh 8. Barbadoes 12. Delhi 

5. London 9. Quito 13. Batavia. 

Problem XVIII. 

A particular place, and the hour of the day at that place, 
being given, to find what hour it is at any other place. 

Rule. Bring the place at which the time is given to the 
brass meridian, and set the index to the given hour; turn 
the globe till the other place comes to the meridian, and the 
index will show the required time.* 

Or, without the hour-circle. 

Find the difference of longitude between the two places 
(by Problem VIII.), and turn it into time by dividing the 
degrees by 15 ; the quotient is hours, and the remainder 
multiplied by 4 gives minutes. If the place at which the 
time is required be to the eastward of the other place, the 
clocks are faster, and this difference of time must be added; 
but if to the westward, it must be subtracted to find the time 
^i the required place* 

* While turning the globe it will be desirable to observe the hours on 
the index as ^hev pass under the meridian, to ascertain if the hour ound 
b^ in the mornmg or evening ; as when the xii passes under the meifir 
dian, the hours change from morning to evening, or the contrarj. 
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If, in subtracting, the difference of time is greater than the 
iven time, add 12 to the hours in the upper Hne, and change 
[le name from morning to evening, or the contrary ; and if, 
1 adding, the sum is more than 12, subtract 12, and change 
he name as above. 

If the globe have two rows of figures on the hour circle, that row must 
e used which is numbered from west to east ; this is generally the outer- 
Qost row. 

Examples. 1. When it is ten o'clock in the morning at 
^ndon, what hour is it at Petersburg ? 

Answer, Twelve o*c1ock at noon. 

Or, The difference of longitude between Petersburg and London is 
(QP 25^, which multiplied by 4 produces 2 hours 1 min. 40 sec., the 
lifference of time shown by the clocks of London and Petersburg: 
lence as Petersburg lies to the east of London, when it is ten o*clock 
Q the morning at London, it is one minute and forty seconds past twelve 
vt Petersburg. 

2. When it is two o'clock in the afternoon at Alexandria 
H Egypt, what hour is it at Philadelphia ? 

Answer, Seven o'clock in the morning. 

Or, The longitude of Alexandria is 30^ 16' E. 

The longitude of Philadelphia is 75 19 W. 



Difference of longitude 105 35 

4 



Difference of longitude in time 7 h. 2 m. 20 sec, 
he clocks at Philadelphia are slower than those of Alexandria : hence 
rhen it is two o'clock in the afternoon at Alexandria, it is 57 m. 40 sec. 
mat six in the morning at Philadelphia. 

3. When it is noon at London, what hour is it at Cal- 
utta? 

4. When it is ten o'clock in the morning at London, what 
lonr is it at Washington ? 

5. .When it is nine o'clock in the morning at Jamaica, 
rhat o'clock is it at Madras ? 

6. My watch was well regulated at Londou, and when I 
arrived at Madras, which was after a five months' voyage, 
t was four hours and fifty minutes slower than the clocks 
here. Had it gained or lost during the voyage ? and how 
nach ? 

7. When it is 6 p.m. at Liverpool, what is the hour at 
^[ontreal and Mei^ico? 

8. What is the time at Bombay and Siam when it is 4 a. m« 
it Cairo ? 

N 
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9. When it is 9 p. m. at Rhodes, what is the hoar at Suri- 
nam and Manilla ? 

10. When it is 5 A. M. at Glasgow, what time is it at 
Acapuleo and Owhyhee ? 

11. When it is noon at Aberdeen, what is the hour at 
Cracow and Smyrna ? 

12. When it is 5 p. M. at Lima, what is the hour at 
Otaheite ? 

13. What o clock is it at Jerusalem when it is 5' p.m. at 
Surat ? 

14. What hour are the clocks at St. Petersburg strikiDg 
when St. Paul's at London is striking 12 at noon ? 

15. Regulated my watch on leaving London by St. Paul's, 
and on arriving at Jamaica it was 4 hours and 30 minutes 
faster than the clocks there. Had it gained or lost ? 

16. Regulated my watch by the clocks at Calcutta, and 
on arriving at the Cape of Good Hope found it 4 hours and 
40 minutes faster than the clocks there. Was mine a good 
watch ? 

17. Regulated my watch by the clocks at New York, and 
on arriving at Liverpool found it was 5 hours and a quarter 
slower than the clocks there. Had it gained or lost ? and 
how much ? 

Problem XIX. 

A particular place and the hour of the day being giveny to 
find all places on the globe where it is then noon, or any 
other proposed hour. 

Rule. Bring the given place to the brass meridian, and 
set the index to the given hour ; turn the globe till the index 
points to 12 at noon, or to the hour proposed, then the places 
required will be found under the brass meridian. 

Or, without the hour-circle. 

Reduce the difference of time between the given place and 
the required places into minutes ; these minutes, divided by 
4, will give degrees of longitude; if there be a remainder 
after dividing by 4, multiply it by 15 ; the product will be 
minutes or miles of longitude. The difference of longitude 
between the given place and the required places being tiins 
determined, if the hour at the required places be earlier than 
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he hour at the given place, the required places lie so many 
(egrees to the westward of the given place as are equal to 
he difference of longitude ; if the hour at the required places 
e later than the hour at the given place, the required places 
ie so many degrees to the eastward of the given place as are 
qual to the difference of longitude. 

Examples. 1. When it is noon at London, at what places 
3 it half-past eight o'clock in the morning ? 

Antwer, The eastern coast of Newfoundland, Cayenne, part of Para- 
;uay, &c. 

Or, The difference of time between London, the given place, and the 
equired places, b 3 hours 30 min. 

3 h. 30 m. The difference of longitude between the given 

60 place and the required places is 52° 30^. The 

^— — hour at the required places being earlier than 

4)210 m. 'that at the given place, they lie 52° 30' west- 

— ~ ward of the given place. Hence, all places 

529 — 2' situated in 52° SC west longitude from London 

60 are the places sought, and will be found to be 

«— — — Cayenne^ &c. as above. 

4)120 



so' 

2. When it is two o'clock in the afternoon at London, at 
rhat places is it ^ past five in the afternoon ? 

Answer. The Caspian Sea, western part of Nova Zembla ; the Island 
if Socotra, eastern part of Madagascar, &c. 

S* When it is J past four in the afternoon at Paris, where 
8 it noon ? 

4. When it is f past seven in the morning at Ispahan, 
?here is it noon ? 

6. When it is noon at Madras, where is it ^ past six o'clock 
n the morning ? 

6. At sea in latitude 40° north, when it was ten o'clock in 
he morning by the time-piece, which shows the hour at 
ijoiidon, it was exactly nine o'clock in the morning at the 
ihip, by a correct celestial observation. In what part of the 
)oeaii was the ship ? 

7. When it is noon at London, what inhabitants of the 
tarth have midnight ? 

8. When it is ten o'clock in the morning atXondon, where 
8 it ten o'clock ii) the evening ? 

9- When it is 7 a.h. at Lima, where is it 4 p.m. ? 
10. When it is 3 p.m. at Ispahan, where is it noon? 

K 2 
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11. To what places is it 5 p.m. when it is 1 p.m. at 
Rome ? 

12. To what three large cities is it noon when it is 10 A. H. 
\ at London ? 

13. To what large city is it 6 p. m. when it is 6 minutes 
past noon at London ? 

14. What places have their clocks 10 p. m. when it is 
noon at London ? 

15. To what large city in 40® north latitude is it 8 p.m. 
when it is noon at Madrid ? 



Problem XX. 

To find the suns longittide {commonly called the $un*s place 
in the ecliptic), and his declination. 

Rule. Look for the given day in the circle of months on 
the horizon, against which, in the circle of signs, are the sign 
and degree in which the sun is for that day. Find the same 
sign and degree in the ecliptic on the surface of the globe ; 
bring the degree of the ecliptic, thus found, to the brass 
meridian ; the degree over it is the sun's declination. 

This problem may he performed by the celestial globe, 
using the same rule. 

Or, by the analemma.* 

Bring the analemma to the brass meridian, and the degree 
on the brass meridian, exactly above the day of the month, 
is the sun's declination. Turn the globe till a point of the 

* The Analemma is properly an orthographic projection of the sphere 
on the plane of the meridian ; but what is called the Analemma on the 
globe is a narrow slip of paper, the length of which is equal to the 
breadth of the torrid zone. It is pasted on some vacant place on the 
globe in the torrid zone, and is divided into months, and days of the 
months, corresponding to the sun's declination for every day in the year. 
It is divided into two parts ; the right-hand part begins at the winter 
solstice, or December 21st, and is reckoned upwards towards the sununer 
solstice, or June 21st, where the left-hand part begins, which is reckoned 
downwards in a similar manner, or towards the winter solstice. On 
Cary*s globes the Analemma somewha.t resembles the figure 8. It ap- 
pears to have been drawn in this shape for the convenience of showing 
the equation of time, by means of a straight line which passes through 
the middle of it The equation of time is placed on the Ijorizon of Bab- 
dim's and Newton*8 globes. 
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ecliptic, corresponding to tlie day of the month, passes under 
tfie degree of the sun's declination ; that point will be the 
sun's longitude or place for the given day. If the sun's de- 
clination be north, and increasing, the sun's longitude will 
be somewhere between Aries and Cancer. If the declination 
be decreasing, the longitude will be between Cancer and 
libra. If the sun's declination be south, and increasing, the 
sun's longitude will be between Libra and Capricorn ; if the 
declination be 4ecreasing, the longitude will be between 
Capricorn and Aries. 

The sun's longitude is given in the third page and declination in the 
tecond page of every month in the Nautical AlmaruiCy for every day in 
that month ; they are likewise given in Whitens Epheineri$ for every day 
in the year. 

Examples. 1. What is the sun's longitude and declina- 
tion on the 15 th of May, 1844? 

Answer, The sun*^ longitude is 549 42' or 24P 42' \n rs, and de- 
clination 1 8^ 57'. 

2. Required the sun's place and declination for the follow- 
ing days. 



January 21. 
February 7. 
March 16. 
Aprils. 



May 18. 
June 11. 
July 11. 
August 1. 



September 9. 
October 16. 
November 17. 
December 1. 



V 3 
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THE sun's declination. 



Day. 


January. 


February. 


March. 


April. 


May. 


Jane. 


South. 


South. 


South. 


North. 


North. 


North. 




o / 


/ 


o • 


o / 


^p ' 


o / 


1 


23 2 


17 9 


7 39 


4 28 


15 


22 2 


2 


22 57 


16 52 


7 16 


4 51 


15 18 


22 10 


3 


22 51 


16 34 


6 53 


5 14 


15 36 


22 17 


4 


22 45 


16 17 


6 30 


5 37 


15 54 


22 25 


5 


22 39 


15 58 


6 7 


5 59 


16 11 


22 32 


6 


22 32 


15 40 


5 44 


6 22 


16 28 


22 38 


7 


22 24 


15 22 


5 22 


6 45 


16 45 


22 44 


8 


22 16 


15 3 


4 58 


7 7 


17 1 


22 50 


9 


22 8 


14 44 


4 34 


7 30 


17 18 


22 55 


10 


22 


14 24 


4 11 


7 52 


17 34 


23 0, 


11 


21 50 


14 5 


3 47 


8 14 


17 49 


23 5 


12 


21 41 


13 45 


3 24 


8 .36 


18 4 


23 9 


13 


21 31 


13 25 


3 


8 58 


18 20 


23 13 


14 


21 21 


13 5 


2 36 


9 20 


18 34 


23 16 


15 


21 10 


12 44 


2 13 


9 41 


18 49 


23 19 


16 


20 59 


12 23 


1 49 


10 2 


19 a 


23 21 


17 


20 47 


12 3 


1 25 


10 24 


19 17 


23 23 


18 


20 35 


12 42 


1 2 


10 45 


19 30 


23 25 


19 


20 23 


11 20 


38 


11 6 


19 43 


23 26 


20 


20 10 


10 59 


14 


11 26 


19 56 


23 27 


21 


19 57 


10 37 


N 9 


11 47 


20 8 


23 28 


22 


19 43 


10 16 


33 


12 7 


20 20 


23 28 


23 


19 29 


9 54 


57 


12 27 


20 32 


23 28 


24 


19 15 


9 32 


1 20 


12 47 


20 44 


23 26 


25 


19 


9 9 


1 44 


13 7 


20 55 


23 25 


26 


18 46 


8 47 


2 7 


13 26 


21 5 


23 23 


27 


18 30 


8 25 


2 31 


13 46 


21 16 


23 21 


28 


18 15 


8 2 


2 54 


14 5 


21 26 


23 19 


29 


17 59 


-» 


3 18 


14 23 


21 35 


23 16 


30 


17 42 


— 


3 41 


14 42 


21 44 


23 lar 


31 17 25 




4 4 


— 


21 53 
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THE sun's declination. 



>ay. 


July. 


August. 


Sept 


October. 


Nov. 


Dec. 




North. 


North. 


North. 


South. 


South. 


South. 




o / 
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Pkcmileu XXI. 



To place the globe in the same litaation with rese 
THE BU.H, as our earth w at the equinoxes, 
sujiMEK SOLSTICE, and at the winter solbtic 
thereby to »kow the comparative length* of the 
and shortest days." 

I. Fob the EQUiNOZEa. — Place the two poles 
gl6be in the horizon : for at thia time the sun has no < 
tion, being in the equinoctial in the heavens, whic 
imaginary line standing vertically over the equator 
earth. Now, if we su|ipose the sun to he tixei), at c 
derable distance from the globe, vertically over that | 
the brass meridian which is marked 0, it is evident t 
wooden horizon will be the boundary of light and d 
on the globe, and that the upper hemisphere will be < 
ened from pole to pole. 

Meridians, or lines of longitude, being generally dr 
the globe through every 15 degrees of the equator, 
will apparently pass from one meiidian to anothei 
hour. If you bring the point Aries on the equatoi 
eastern part of the horizon, the point Libra will be 
weatem part thereof-, and the sun will appear to be 
t« the inhabitants of London \ and to all places un 
same meridian : let the globe be now turned gentlj 
axis towards the east, the sun will appear to move f 
the west, and, as tlie different places successively ei 
dark hemisphere, the sun wiU appear to be setting 
west. Continue the motion of the globe eastward, till '. 
comes to the western edge of the horizon ; the mo 
emerges above the horizon, the sun will appear to b 

• In thit problem, as in all others where the pole is elerali 
Bull's declination, the sun ii supposed (o be fixed, and the esnh 
on its axis from west to eosl. The author of thii wurk hm a lii 
ball made to represent the sun ; this bull is tiied upon a strr 
add when used, slides oat of a socket like an achromnCic telesco|; 
socket is made to screw to the brsss meridian (of any globe) 
«un's declination, and the little brass ball representing the su 
oier the declination, at a considerable distsnce from ilie globe. 

t The meridian of London ia here lupposctl lo pass through i 
noctial point Aries, as on the best modern glubu*. 
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in the east. If the motion of the globe on its axis be con- 
tinued eastward, the sun will appear to rise higher and 
higher, and to move towards the west ; when London comes 
to the brass meridian, the sun will appear at its greatest 
height ; and after London has passed the brass meridian, he 
will continue his apparent motion westward, and gradually 
diminish in altitude till London comes to the eastern part of 
the horizon, when he will again be setting. During this 
revolution of the earth on its axis, every place on its surface 
has been twelve hours in the dark hemisphere^ and twelve 
hours in the enlightened hemisphere ; consequently the days 
and nights are equal all over the world ; for all the parallels 
of latitude are divided into two equal parts by the horizon, 
and in every degree of latitude there are six meridians 
between the eastern part of the horizon and the brass meri- 
dian ; each of these meridians answers to one hour, hence half 
the length of the day is six hours, and the whole length 
twelve hours. 

If any place be brought to the brass meridian, the number 
of degrees between that place and the horizon (reckoned the 
nearest way) will be the sun's meridian altitude. Thus, if 
London be brought to the meridian, the sun w^iil then appear 
exactly south, and its altitude will be 38^ degrees ; the sun's 
meridian altitude at Philadelphia will be 50 degrees; his 
meridian altitude at Quito 90 degrees ; and here, as in every 
place on the equator, as the globe turns on its axis, the sun 
will be vertical. At the Cape of Good Hope the sun will 
appear due nor^h at noon, and his altitude will be 55 j^ 
degrees. 

II. For the Summer Solstice. — The sumjner solstice, 
to the inhabitants of north latitude, happens on the 21st of 
June, when the sun enters Cancer, at which time his decli- 
nation is 23^ 28' north. Elevate the north pole 23^ degrees 
above the northern point of the horizon, bring the sign of 
Cancer in the ecliptic to the brass meridian, and over that 
degree of the brass meridian under which this sign stands, 
let the sun be supposed to be fixed at a considerable distance 
from the globe. 

While the globe remains in this position, it will be seen 
that the equator is exactly divided into two equal parts, the 
equinoctial point Aries being in the western part of the ho- 
rizon, and the opposite point Libra in the eastern part, and 
between the horizon and the brass meridian (counting on the 

v 5 
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lator) there are six ineridians, each fifteen degrees, or an 
ir apart ; consequently the day at the equator is 12 hoars 
g. From the equator northward as far as the arctic circle, 
I diurnal arcs will exceed the nocturnal arcs; that is, 
re than one-half of any of the parallels of latitude will be 
)ve the horizon, and of course less than one-half will be 
ow, so that the days are longer than the nights. All the 
allels of latitude within the Arctic circle will be wholly 
»ye the horizon^ consequently those inhabitants will have 
night. From the equator southward, as far as the Ant- 
tic circle, the nocturnal arcs will exceed the diurnal 
s ; that is, more than one-half of any one of the parallels 
latitude will be below the horizon, and consequently less 
n one-half will be above. All the parallels of latitude 
hin the Antarctic circle will be wholly below the horizon, 
I the inhabitants, if any, will have twilight or dark night, 
^rom a little attention to the parallels of latitude^ while 
globe remains in this position, it will easily be seen that 
arcs of those parallels which are above the horizon north 
;he equator, are exactly of the same length as those below 
horizon, south of the equator ; consequently, when the 
abitants of north latitude have the longest day, those in 
th latitude have the longest night. It will likewise appear, 
t the arcs of those parallels which are above the horizon, 
th of the equator, are exactly of the same length as those 
3w the horizon north of the equator ; therefore, when the 
abitants who are situated south of the equator have the 
rtest day, those who live north of the equator have the 
rtest night. 

3y counting the number of meridians, (supposing them 
)e drawn through every fifteen degrees- of the equator,) 
ween the horizon and the brass meridian, on any parallel 
atitude, half the length of the day will be determined in 
t latitude, the double of which is the length of the day. 
. In the parallel of 20 degrees north latitude, there are 
meridians and two-thirds more, hence the longest day is 
hours and 20 minutes ; and in the parallel of 20 de- 
es south latitude there are five meridians and one-third, 
ice the shortest day in that latitude is 10 hours and 40 
Lutes. 

f. In the parallel of 30 degrees north latitude, there are 
en meridians between the horizon and the brass meridian, 
ice the longest day is 14 hours ; and in the same degree 
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of south latitude there are only five meridians, hence the 
shortest day in that latitude is 10 hours. 

3. In the parallel of 50 degrees north latitude there are 
eight meridians between the horizon and the brass meridian; 
ihe longest day is therefore 16 hours ; and in the same de- 
gree of south latitude there are only four meridians ; hence 
the shortest day is 8 hours. 

4. In the parallel of 60 degrees north latitude, there are 
9^ meridians from the horizon to the brass meridian, hence 
ihe longest day is 18^ hours ; and in the same degree of 
south latitude, there are only 2| meridians ; the length of the 
shortest day is therefore 5^ hours. 

By turning the globe gently round on its axis from west 
to east, we shall readily perceive that the sun will be vertical 
to all the inhabitants under the tropic of Cancer, as the 
places successively pass the brass meridian. 

If any place be brought to the brass meridian, the number 
of degrees between that place and the horizon (reckoned the 
nearest way) will show the sun's meridian altitude. Thus, 
at London, the sun's meridian altitude will be found to be 
about 62 degrees ; at Petersburg, 54^ degrees ; at Madrid, 73 
degrees, &c. To the inhabitants of these places the sun 
appears due south at noon. At Madras the sun's meridian 
altitude will be 79^ degrees ; at the Cape of Good Hope, 32 
degrees ; at Cape Horn, 10 J degrees, &c. The sun will appear 
due north to the inhabitants of these places at noon. If the 
southern extremity of Spitzbergen, in latitude 76J north, be 
brought to that part of the brass meridian which is num- 
bered from the equator towards the poles, the sun's meridian 
altitude will be 37 degrees, which is its greatest altitude ; 
and if the globe be turned eastwards twelve hours, or till 
Spitzbergen comes to that part of the brass meridian which 
is numbered from the pole towards the equator, the sun's 
altitude will be 10 degrees, which is its least altitude for the 
day given in the problem. It was shown, in the foregoing 
part of the problem, that, when the sun is vertically over 
the equator in tlie vernal equinox, the north pole begins to 
be enlightened ; consequently the further the sun apparently 
proceeds in its course northward, the more day-light will be 
diffused over the north polar regions, and the sun will appear 
gradually to increase in altitude at the north pole, till the 
21 St of June, when his greatest height is 23^ degrees ; he 
will then gradually diminish in height till the 23rd of Sep- 

N 6 
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tember, the time of the autumnal equinox, when he will 
leave the north pole, and proceed towards the south ; conse- 
quently the sun has been visible at the north pole for six 
months. 

III. For the Winter Solstice. — The winter solstice, to 
the inhabitants of north latitude, happens on the 21st of 
December, when the sun enters Capricorn, at which time 
his declination is 23° 28' south. Elevate the south pole 23^ 
degrees above the southern point of the horizon, bring the 
sign of Capricorn in the ecliptic to the brass meridian, and 
over that degree of the brass meridian under which this sign 
stands, let the sun be supposed to be fixed at a considerable 
distance from the globe. 

Here, as at the summer solstice, the days at the equator 
will be 12 hours long, but the equinoctial point Aries will 
be in the eastern part of the horizon, and Libra in the 
western. From the equator southward, as far as the An- 
tarctic circle, the diurnal arcs will exceed the nocturnal 
arcs. All the parallels of latitude within the Antarctic circle 
will be wholly above the horizon. From the equator north- 
ward, the nocturnal arcs will exceed the diurnal arcs. All 
the parallels of latitude within the Arctic circle will be 
wholly below the horizon. The inhabitants south of the 
equator will now have their longest day, while those on the 
north of the equator will have their shortest day. 

As the globe turns on its axis from west to east, the sun 
will be vertical successively to all the inhabitants under the 
tropic of Capricorn. By bringing any place to the brass 
meridian, and finding the sun's meridian altitude (as in the 
foregoing part of the problem), the greatest altitudes will be 
in south latitude, and the least in the north ; contrary to 
what they were before. Thus, at London, the sun's greatest 
altitude will be only 15 degrees, instead of 62 ; and its 
greatest altitude at Cape Horn will now be 57^ degrees, in- 
stead of 10 J, as at the summer solstice ; hence it appears, 
that the difference between the sun's greatest and least meri- 
dian altitude at any place in the temperate zone, is equal to 
the breadth of the torrid zone, viz. 47 degrees, or more cor- 
rectly 46° 56\ On the 23rd of September, when the sun 
enters Libra, that is, at the time of the autumnal equinox, 
the south pole begins to be enlightened, and, as the sun's 
declination increases southward, he will shine further over 
the south pole, and gradually increase in altitude at the 
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pole ; for, at all times, his altitude at either pole is equal to 
his declination. On the 2l8t of December, the sun will have 
the greatest south declination, after which his altitude at the 
south pole will gradually diminish as his declination dimin- 
ishes ; and on the 21st of March, when the sun's declination 
is nothing, he will appear to skim along the horizon at the 
south pole, and likewise at the north pole ; the sun has there- 
fore been visible at the south pole for six months. 

Problem XXII. 

To place the globe in the same situation, with respect to 
THE POLAR STAR in the heavens, as our earth is to the 
inhabitants of the equator, Sfc, viz, to illustrate the three 
positions of the sphere, right, parallel, and oblique, so 
as to show the comparative length of the longest and 
shortest days, * 

I. For the Right Sphere. — The inhabitants who live 
upon the equator have a right sphere, and the north polar 
star appears always in (or very near) the horizon. Place 
the two poles of the globe in the horizon, then the north 
pole will correspond with the north polar star, and all the 
heavenly bodies will appear to revolve round the earth from 
east to west, in circles parallel to the equinoctial, according 
to their different declinations : one-half of the starry hea- 
vens will be constantly above the horizon, and the other half 
below, so that the stars will be visible for twelve hours, and 
invisible for the same space of time ; and, in the course of a 
year, an inhabitant upon the equator may see all the stars in 
the heavens. The ecliptic being drawn on the terrestrial 
globe, young, students are often led to imagine that the sun 
apparently moves daily round the earth in the same oblique 
manner. To correct this false idea, we must suppose the 
ecliptic to be transferred to the heavens, 'where it properly 
points out the sun's apparent annual path amongst the fixed 
stars. The sun's diurnal path is either over the equator, as 

* In this problem, and in all others where the pole is elevated to tho 
latitude of a given place, the earth is supposed to be fixed, and the sun to 
move round it from east to west. When the given place is brought to 
the brass meridian, the wooden horizon is the true rational horizon of 
that place, but it does not separate the enlightened ^ext oC\.Vv<^^<cia^^^sav 
the dark part, as in the preceding probUm 
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at the time of the equinoxes, or in lines nearly parallel to 
the equator ; this may be correctly illustrated by fastening 
one end of a piece of packthread upon the point Aries on the 
equator, and winding the packthread round the globe to- 
wards the right hand, so that one fold may touch another, 
till you come to the tropic of Cancer ; thus you will have a 
correct view of the sun's apparent diurnal path from the 
vernal equinox to the summer solstice ; for, after a diurnal 
revolution, the sun does not come to the same point of the 
parallel whence it departed, but, according as it approaches 
to or recedes from the tropic, is a little above or below that 
point. When the sun is in the equinoctial, he will be ver- 
tical to all the inhabitants upon the equator, and his appa- 
rent diurnal path will be over that line : when the sun has 
ten degrees of north declination, his apparent diurnal path 
will be from east to west nearly along that parallel. When 
the sun has arrived at the tropic of Cancer, his diurnal path 
in the heavens will be along that line, and he will be vertical 
to all the inhabitants on the earth in latitude 23** 28' north. 
The inhabitants upon the equator will always have twelve 
hours day and twelve hours night, notwithstanding the va- 
riation of the sun's declination from north to south, or from 
south to north ; because the parallel of latitude whibh the sun 
apparently describes for any day will always be cut into two 
equal parts by the horizon. The greatest meridian altitude 
of the sun will be 90°, and the least GG'' 32'. During one ' 
half of the year, an inhabitant on the equator will see the 
sun full north at noon, and during the other half it will be 
full south. 

IL For the Parallel Sphere. — The inhabitants (if 
any) who live at the north pole have a parallel sphere, and 
the north polar star in the heavens appears exactly (or very 
nearly) over their heads. Elevate the north pole ninety de- 
grees above the horizon ; then the equator will coincide with 
the horizon, and all the parallels of latitude will be parallel 
thereto. In the summer half year, that is, from the vernal 
to the autumnal equinox, the sun vdll appear above the 
horizon, consequently the stars and planets will be invisible 
during that period. When the sun enters Aries, on the 2l8t 
March, he will be seen by the inhabitants of the north pole 
Of there be any inhabitants) to skim just along the edge 
of the horizon : and as he increases in declination, he will 
increase in altitude, forming a kind of spiral course, as before 
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described, by wrapping a thread round the globe. The 
sun's altitude at any particular hour is al>Ya78 equal to his 
declination. The greatest altitude the sun can have is 23^ 28', 
at which time he has arrived at the tropic of Cancer ; after 
which he will gradually decrease in altitude as his declina- 
tion decreases. When the sun arrives at the sign Libra, he 
will again appear to skim along the edge of the horizon, after 
which he will totally disappear, having been above the hori- 
son for six months. Though the inhabitants at the north 
pole will lose sight of the sun a short time afler the au- 
tumnal equinox, yet the twilight will continue for nearly 
two months ; for the sun will not be 18° below the horizon 
till he enters the 20th of Scorpio, as may be seen by the 
globe. 

After the sun has descended 18° below the horizon, all the 
stars in the northern hemisphere will become visible, and 
i^ipear to have a diurnal revolution round the heavens from 
east to west, as the sun appeared to have when he was above 
the horizon. These stars will not set during the winter 
half of the year ; and the planets, when they arc in any of 
the northern signs, will be visible. The inhabitants under 
the north polar star have the moon constantly above their 
horizon during fourteen revolutions of the earth on its axis, 
and at every full moon which happens, from the 23rd of 
September to the 21st of March, the moon is in some of the 
northern signs, and consequently visible at the north pole ; 
for the sun being below the horizon at that time, the moon 
mast be above the horizon, because she is always in that 
sign which is diametrically opposite to the sun at the time 
of full moon. 

When the sun is at his greatest depression below the 
horizon, being then in Capricorn, the moon is at her First 
QuABTEB in Aries: Full in Cancer; and at her Third 
Quarter in Libra : and as the beginning of Aries is the 
rising point of the ecliptic, Cancer the highest, and Libra 
the setting point, the moon rises at her First Quarter in 
Aries, is most elevated above the horizon, and Full in 
Cancer, and sets at the beginning of Libra in her Third 
Quarter ; having been visible for fourteen revolutions of 
the earth on its axis, viz. during the moon's passage from 
Aries to Libra. Thus the north pole is supplied one-half of 
the winter time with constant moon-light in the sun's ab- 
sence ; and the inhabitants only lose sight of the moon from 
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her Third to her First Quarter, while she gives but little 
light, and can be of little or no service to them. 

IIL For the Oblique Sphere. — Whenever the terres- 
trial globe is placed in a proper situation with respect to the 
fixed stars, the pole must be elevated as many degrees above 
the horizon as are equal to the latitude of the given place, 
and the north pole of the globe must point to the north 
polar star in the heavens ; for in sailing, or travelling from the 
equator northward, the north polar star appears to rise higher 
and higher. On the equator it will appear in the horizon ; 
in ten degrees of north latitude it will be ten degrees above 
the horizon ; in twenty degrees of north latitude it will be 
twenty degrees above the horizon ; and so on, always in- 
creasing in altitude as the latitude increases. Every inha- 
bitant of the earth, except those who live upon the equator, 
or exactly under the north polar star, has an oblique sphere, 
viz. the equator cuts the horizon obliquely. By elevating 
and depressing the poles, in several problems, a young 
student is sometimes led to imagine that the earth's axis 
moves northward and southward just as the pole is raised or 
depressed : this is a mistake, the earth's axis has no su(^ 
motion.* In travelling from the equator northward, our 
horizon varies; thus, when we are on the equator, the 
northern point of our horizon is exactly opposite the north 
polar star ; when we have travelled to ten degrees north lati- 
tude, the north point of our horizon is ten degrees below 
the pole, and so on : now, the wooden horizon on the terres- 
trial globe is immovable, otherwise it ought to be elevated 
or depressed, and not the pole ; but whether we elevate the 
pole ten degrees above the horizon, or depress the north 
point of the horizon ten degrees below the pole, the appear- 
ance will be exactly the same. 

The latitude of London is about 51 J degrees north : if 
London be brought to the brass meridian, and the north pole 
be elevated 51i degrees above the north point of the wooiden 
horizon, then the wooden horizon will be the true horizon of 
London ; and, if the artificial globe be placed exactly north 
and south by a mariner's compass, or by a meridian line, it 
will have exactly the position which the real globe has. Now, 

* The earth's axis has a kind of Hbrating motion, called the nutatwh 
but this is so very minute that it cannot be represented by elevating or 
depressing the pole. 
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if we imagine lines to be drawn through every degree* witliin 
the torrid zone, parallel to the equator, they will nearly re- 
present the sun's diurnal path on any given day. By com- 
paring these diurnal paths with each other, they will be 
found to increase in length from the equator northward, and 
to decrease in length from the equator southward ; conse- 
quently, when the sun is north of the equator, the days are 
increasing in length ; and when south of the equator, tlie 
days are decreasing. The sun's meridian altitude for any 
day may be found by counting the number of degrees from 
the parallel in which the sun is on that day, towards the 
horizon, upon the brass meridian ; thus, when the sun is in 
that parallel of latitude which is ten degrees north of th(i 
equator, his meridian altitude will be 48 .^ degi*ees. Though 
the wooden horizon be the true horizon of the given place, 
yet it does not separate the enlightened hemisphere of the 
globe from the dark hemisphere, when the pole is thus 
elevated. For instance, when the sun is in Aries, and Lon- 
don at the meridian, all the places on the globe above the 
horizon beyond those meridians which pass through the east 
and west points thereof, reckoning towards the north, are in 
darkness, notwithstanding they are above the horizon : and 
all places below tiie horizon, between those same meridians 
and the southern point of the horizon, have day-light, not- 
withstanding they are below the horizon of London. 



Problem XXIIL 

The day of the month being given^ to find all places of the 
earth where the sun is vertical on that day ; those places 
' vjhere the sun does not sety and those places where he does, 
not rise on the given day, 

BiTLE. — Find the sun's declination (by Problem XX.) for 
the given day, and turn the globe on its axis, and all the 
places which pass under the declination will have the sun 
vertical on that day. 

Secondly, — Elevate the north or south pole, according as 
the sun's declination is north or south, so many degrees 
above the horizon as are equal to the sun's declination : turn 

* Such lines are drawn on Aoams' globes. 
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the globe on its axis : then, to those places which do not 
descend below the horizon, in that frigid zone near the 
elevated pole, the sun does not set on the given day : and to 
those places which do not ascend above the horizon, in that 
frigid zone adjoining to the depressed pole, the sun does not 
rise on the given day. 

Ob, bt the analemma. 

Find the sun's declination by bringing the analemma to 
the brass meridian and proceed as above. 

Examples. — 1. Find all places of the earth where the 

sun is vertical on the 1 1th of May, those places in the north 

frigid ^one where the sun does not set, and those places in 

the south frigid zone where he does not rise. 

Answer, The sun is vertical at St. Anthony, one of the Cape Verd 
Islands, the Virgin Islands, south of St. Domingo, Jamaica, Golconda, 
&c. All the places within eighteen degrees of the north pole will have 
constant day ; and those (if any) within eighteen degrees of the south 
pole will have constant night. 

2. Whether does the sun shine over the north or south 
pole on the 27th of October, to what places will he be ver- 
tical at noon, what inhabitants of the earth will have the 
sun below their horizon during several revolutions, and to 
what part of the globe will the sun never set on that day ? 

3. Find all the places of the earth where the inhabitants 
have no shadow when the sun is on their meridian on the 
first of June. 

4. What inhabitants of the earth have their shadows di- 
rected to every point of the compass during a revolution of 
the earth on its axis on the 15th of July ? 

5. How far does the sun shine over the south pole on the 
14th of November, what places in the north frigid zone are 
in perpetual darkness, and to what places is the sun vertical? 

6. Find all places of the earth where the moon was verti- 
cal on the 26th of June, 1845.* See p. 283.t 

What places will have the sun vertical, and to what 

* To perform this example, find the moon*s declination on the given 
day in the Nautical Almanac, or White's Ephemeris, and mark it on the 
brass meridian ; all places passing under that degree of declination will 
have the moon vertical, or nearly so» on the given day. 

f The moon's declination at midnight on the 26th of June, 184^, by 
the Nautical Almanac, is 7 8' 59'' -8 N. 
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places will he not set, and to what places will he not rise on 
the following days ? 

7. January 1. 10. April 22. 13. August 11. 

8. February 7. 11. May 19. 14. September 23. 

9. March 11. 12. June 21. 15. October 11. 

Problem XXTV. 

A place being given in the torrid zone^ to find those two 
days of the year on which the sun will be vertical at that 
place. 

Rule. — Bring the given place to the brass meridian, and 
mark its latitude ; turn the globe on its axis, and observe 
what two points of the ecliptic pass under that latitude: 
seek those points of the ecliptic in the circle of signs on the 
horizon, and against them, in the circle of months, stand the 
days required. 

Or, by the analemma. 

Find the latitude of the given place ; bring the analemma 
to the brass meridian, upon which, under the latitude, will 
be found the two days required. 

Examples. — 1. On what two days of the year will the 
son be vertical at Madras ? 

Answer, On the 25th of April and on the 18th of August. 

On what two days of the year is the sun vertical at the 
following places ? 

2. Owhyhee 7. St. Helena 12. Sierra Leone 

3. Friendly Isles 8. Rio Janeiro 13. Vera Cruz 

4. Straits of Macassar 9. Quito 14. Manilla 

5. Penang 10. Barbadoes 15. Tinian Isle 

6. Trincomal^ 11. Porto Bello 16. Pelew Islands. 



Problem XXV. 

The day of the month being given, to find what other day of 

the year is of the same length. 

Rule. — Find the sun's place in the ecliptic for the given 
day (by Problem XX.) ; bring it to the brass meridian, and 
observe the degree above it 5 turn the globe on its axis tUL 
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some other point of the ecliptic falls under the same degree 
of the meridian : find this point of the ecliptic on the 
horizon, and against it you will find the day of the month 
required. 

This FrobUm may be performed by t/te cdesHal globe in the same manner, 

Ob, BY THE ANALEMMA. 

Look for the given day of the month on the analemma, 
and adjoining to it you will find the required day of the 
month. 

Ob, without a globe. 

Any two days of the year which are of the same length 
will he an equal number of days from the longest or shortest 
day. Hence, whatever number of days the given day is 
before the longest or shortest day, just so many days will 
the required day be after the longest or shortest day, et 
contra* 

Examples. — I. What day of the year is of the same 
length as the 25th of April ? 

Amwer, The 18th of August 

2. What day of the year is of the same length as the 25th 
of May? 

3. If the sun rise at four o'clock in the morning at London 
on the 17th of July, on what other day of the year will it 
rise at the same hour ? 

4. If the sun set at seven o'clock in the evening at London 
on the 24th of August, on what other day of the year will it 
set at the same hour ? 

5. If the sun's meridian altitude be 90° at Trincomal^, in 
the Island of Ceylon, on the 12th of April, on what otiier 
day of the year will the meridian altitude be the same ? 

6. If the sun's meridian altitude at London on the 25th of 
April be 51° 35', on what other day of the year will the 
meridian altitude be the same? 

7. If the sun be vertical at any place on the 15th of April, 
how many days will elapse before he is vertical a second 
time at that place ? 

8. If the sun be vertical at any place on the 20th of 
August, how many days will elapse before he is vertical a 
second time at that place ? 
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Problem XXVI, 

JTie month, day, and hour of the day being given, to find 
where the sun is vertical at that instant 

EuLE. — Find the sun*3 declination (by Problem XX.), 
bring the given place to the brass meridian, and set the 
index of the hour-circle to the given time^ turn the globe on 
its axis until the index points to noon ; the place imme- 
diately under the sun's declination is that to which the sun 
is vertical at the proposed time. 

Examples. — 1. When it is forty minutes past six o'clock 
in the morning at London on the 25th of April, where is the 
son vertical ? 

Answer. Madras. 

2. When it is four o'clock in the afternoon at London on 
the 18th of August, where is the sun vertical ? 

Answer, Barbadoes. 

3. When it is three o'clock in the afternoon at London on 
the 4th of January, where is the sun vertical ? 

4. When it is three o'clock in the morning at London on 
the 11th of April, where is the sun vertical? 

5. When it is thirty-seven minutes past one o'clock in the 
afternoon at the Cape of Grood Hope on the 5th of February, 
where is the sun vertical? 

6. When it is eleven minutes past one o'clock in the 
afternoon at London on the 29th of April, where is the sun 
Tertical ? 

7. When it is twenty minutes past five o'clock in the 
afternoon at Philadelphia on the 18th of May, where is the 
ran vertical? 

8. When it is nine o'clock in the morning at Calcutta on 
the 11th of April, where is the sun vertical ? 

9. Where is the sun vertical, when it is 6 a.m. at Cairo 
on February 22? 

10. On October 24, when it is 10 minutes past 7 A.M. at 
Otaheite, where is the sun vertical ? 

Jl, On April 25, where is the sun vertical, when it is 4 
p. M. at London ? 

12. Where is the sun vertical on Maj 17, when it is 5 
A* H. at Siam ? 
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13. Where is the sun vertical on May 20, when it is 7 
p. M. at Amsterdam ? 

14, The inhabitants of what city will have no shadow on 
June 10, when it is 6 minutes past 6 a. il at London ? 



Problem XXVIL 

The month, day^ and hour of the day at anyplace being gw€ii^ 
to find all those places of the earth where the sun is rising^ 
those places where the suh is setting, those places that 
have noon, that particular place where the sun is,verticalf 
those places that have morning twilight, those places that 
hctve evening twilight, and those places that have midnight. 

Rule. — Find the sun's declination ; elevate the pole equal 
to the sun's declination ; bring the given place to the brass 
meridian, and set the index to the given hour ; turn the 
globe on its axis until the index points to noon ; then all 
places along the western edge of the horizon have the sun 
rising; those places along the eastern edge have the sun 
setting ; those under the brass meridian above the horizon 
have noon; that particular place which stands under the 
sun's declination on the brass meridian has the sun vertical ; 
aU places below the western edge of the horizon, within 
eighteen degrees, have morning twilight ; those places which 
are below the eastern edge of the horizon, within eighteen 
degrees, have evening twilight ; all places under the brass 
meridian below the horizon have midnight ; all places above 
the horizon have day, and those below it have night or 
twilight. 

Examples. — 1. When it is fifty-two minutes past four 
o'clock in the morning at London on the 5th of March) 
find all places of the earth where the sun is rising, setting) 
&c. &c. 

Antwer, The sun is rising at the western part of the White Sea, 
Petersburg, the Morea in Turkey, &c. 

Setting at the eastern coast of Kamtschatka, Jesus Island* Pahnerston 
Island* &c.y between the Friendly and Society Islands, &c. 

Noon at the Lake Baikal, in Irkoutsk, Cochin China, Cambodiai 
Sunda Islands, &c. 

Vertical at Batavia. 

Morning tunlight at Sweden, part of Germany, the southern part </ 
Italy, Sicily, the western coast of Africa along the Ethiopian Ocean, &€• 
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Evening tunUghi at the north-west extremity of North America, the 
Sandwich Islands, Society Islands, &c. 

Midnight at Labrador, New York, western part of St. Domingo, Chili, 
and the western coast of South America. 

I>ay at the eastern part of Russia in Europe, Turkey, Egypt, the Cape 
of Good Hope, and all the eastern part of Africa, almost the whole of 
Asia, &c. 

Night at the whole of North and South America, the western part of 
Africa, the British Isles, France, Spain, Portugal, &c. 

2. When it is four o'clock in the afternoon at London on 
the 25th of April, where is the sun rising, setting, &c. &c.? 

Answer, The sun will be rising at Owhyhee, &c. ; setting at the Cape 
of Good Hope, &c. ; it will be noon at Buenos Ayres, &c. ; the sun will 
be vertical at Barbadoes ; and, following the directions in the Problem, 
an the other places are readily found. 

3. When it is ten o'clock in the morning at London on 
the longest day, to what countries is the sun rising, setting, 
&c. &c. ? 

4. When it is ten o'clock in the afternoon at Botany Bay 
on the 15 th of October, where is the sun rising, setting, 
&C. &c.? 

5. When it is seven o'clock in the morning at Washing- 
ton on the 17th of February, where is the sun rising, set- 
ting, &c &c. ? 

6« When it is midnight at the Cape of Grood Hope on the 
27th of July, where is the sun rising, setting, &c. &c. ? 

To what places will the sun be rising, setting, &c &c., at 
the undermentioned places on the given days : — 

7* January 1, when it is 3 a.m. at London ? 

8. April 17, when it is 4 p.m. at Lima? 

9. TAaj 17, when it is 8 p.m. at Petersburg? 

10. August 11, when it is 4 p.m. at Botany Bay ? 

11. October 11, when it is 9 p.m. at Calcutta? 

12. December 25, when it is 2 p.m. at Liverpool ? 

13. January 17, when it is 5 p.m. at Paris? 

14. February 5, when it is 9 p.m. at Vienna ? 

Problem XXVUL 

To find the time of the surCs rising and setting, and length 
of the day and nighty at any place not in the frigid zones. 

Rule. — Elevate the pole equal to the sun's declination ; 
bring the given place to the brass meridian, and set the index 
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of the hour-circle to 12 ; turn the globe till the given 
place comes to the eastern semicircle of the horizoir, and the 
index • will show the time of the sun*s rising; turn the globe 
till the given place comes to the western edge of the horizon 
and the index will show the time of his setting, or either of 
these taken from 12 will give the other, because the sun is 
an equal time above the horizon, both before and after 12. 
Double the time of the sun's setting gives the length of the 
day, and double the time of rising gives the length of the 
night. 

By the same rule, the length of the longest day, at all places not in the 
frigid zones, may be readily found; for the longest day at all places in 
north latitude is 09 the 21st of June, or when the sun enters Cancer ; and 
the longest day at all places in south latitude is on the 21st of December, 
or when the sun enters the sign Capricorn. 

Or, 

Elevate the pole equal to the latitude ; find the sun's place 
in the ecliptic ; bring it to the brass meridian, and set the 
index to 12 ; turn the globe till the sun's place come to 
the eastern semicircle of the horizon, and the index will 
show the time of the sun's rising ; turn the globe, till the 
sun's place comes to the western edge of the horizon, and the 
index will show the time of his setting ; then, as before, 
double the time of setting gives the length of the day, and 
double the time of rising gives the length of the night. 

Or, by the analemma. 

Elevate the pole, according to the latitude; bring the 
middle of the analemma to the brass mendian, and set the 
index of the hour-circle to 12 ; turn the globe till the day 
of the month on the analemma comes to the eastern or 
western semicircle of the horizon, and the index will show 
the time of the sun's rising, setting, &c. as above. 

Examples. — 1. What time does the sun rise and set at 
London on the 1st of June, and what is the length of the 
day and night ? 

Answer. The sun sets at 8 min. past 6, and rises at 54 min. past S ; the 
length of the day is 16 hours 12 minutes, and the length of the night 7 
hours 48 minutes. 

* If the hour circle have a double row of figures, it will show the time 
of the sun*s rising and settmg both at once. 
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At what time does the sun rise and set at the following 
places, on the respective days mentioned, and what is the 
length of the day and night ? 

2. London, ITth of May 7. Cape of Good Hope, 7 Dec. 

3. Gibraltar, 22nd of July 8. Cape Horn, 29th January 

4. Edinburgh, 29th January 9. Washington, 15th Deceni. 

5. Botany Bay, 20th February 10. Petersburg, 24th October 

6. Pekin, 20th of April 11. Constantinople, 18th Aug. 

12. Find the time the sun rises and sets at any place on 
the surface of the globe on the 21st of March, and likewise 
on the 23rd of September. 

Required the length of the longest day and shortest 
night at the following places : 

13. London 18. Paris 23. Pekin 

14. Petersburg 19. Vienna 24. Cape Horn 

15. Aberdeen 20. Berlin 25. Washington 

16. Dublin 21. Buenos Ayres 26. Cape of Good Hope 

17. Glasgow 22. Botany Bay 27, Copenhagen. 
Required the length of the shortest day and longest 

night at the following places : 

28. London 32. Lima 36. Paris 

29. Archangel 33. Mexico 37. Owhyhee 

30. Otaheite 34. St. Helena 38. Lisbon 

81. Quebec 35. Alexandria 39. Falkland islands. 

40. How much longer is the 21st of June at Petersburg 
tiian at Alexandria*? 

41. How much longer is the 21st of December at Alex- 
andria than at Petersburg ? 

42. At what time does the sun rise and set at Spitzbergen 
on the 5th of April ? 

Problem XXIX. 

7%e length of the day at anyplace being given, to find the 
sun^s declination and the day of the month. 

Rule. Bring the given place to the brass meridian and 
set the index to 12 ; turn the globe till the index points 
to the hout of sunset, which is half the length of the day ; 
keep the globe from revolving on its axis, and elevate or 
depress the poles till the given place exactly coincides with 
the eastern semicircle of the horizon ; the elevation of the 

o 
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pole will be the sun's declination : turn the globe on its axis, 
and observe what two points of the ecliptic pass under the 
declination ; seek those points in the circle of signs on the 
horizon, and against them will be found the da^s of the 
months required. 

Or, 

Bring any meridian to the brass meridian, elevate the pde 
to the latitude of the place, and set the index of the hour- 
circle to 12 ; turn the globe eastward till the index has 
passed over as many hours as are equal to half the length of 
the day, and mark where the above meridian is cut by the 
eastern semicircle of the horizon ; bring this mark to the 
brass meridian, and the degree above it is the sun's decli- 
nation ; with which proceed as above.* 

Ob, by the analemma. 

Bring the middle of the analemma to the brass meridian, 
elevate the pole to the latitude of the place, and set the 
index of the hour-circle to 12 ; turn the globe eastward 
till the index has passed over as many hours as are equal to 
half the length of the day ; the two days, on the analemmE) 
which coincide with that point of the meridian passing 
through the middle of the analemma which is cut by the 
eastern semicircle of the horizon, will be the ^ys required; 
and, by bi*inging the analemma to the brass meiidiany the 
sun's declination will stand above these days. 

Examples. — 1. What two days in the year are each six- 
teen hours long at London, and what is the sun's declinatioD? 

Answer. The 24 th of May and the 17th of July. The sun's deeUni- 
tion is about 21^ north. 

2. What two days of the year are each fourteen hours 
long at London ? 

8. On what two days of the year does the son set at half* 
past seven o'clock at Edinburgh ? 

4. On what two days of the yeiur does the sun rise at 
four o'clock at Petersburg ? 

6. What two nights of the year are each ten hours long at 
Copenhagen ? 

* If Newton*s globes be used, the graduated meridian is that wbieb 
passes through Cancer ; and whiol) will be found most eonycnient bt 
working this problem. 
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6. What day of the year at London is sixteen hours and 
a half long ? 

7. What is the sun's declination when the day is fourteen 
hours long at London ? 

S, What is the sun's declination when the day at Peters- 
bui^ is seven hours long ? 
d. On what two days does the sun set at Edinburgh at 8 ? 

10. On what two days does the sun rise at 4 at Liverpool? 

11. On what two days does the sun set at 7 at Dover? 

12. Observed the sun set irt; Madrid .at 7 in the spring, 
wnat was the day of the month ? 

13. Observed the sun rise at London at 4 past 4, what 
was his declination, and the day of the month ? 

14. ^On what two days does the sun set at 7 at Vienna ? 

Problem XXX. 

To find the length of the longest day at any place in the 

north frigid zone, 

R^TLB. Subtract the latitude of the place from 90, and 
flad the degree on the brass meridian to the north of the 
equator which is like the remainder. Turn the globe, and 
observe the two points of the ecliptic passing under this de- 
'me, and find the days coinciding with them on the horizon. 
1^ day before the 21st of June will show the beginning, 
■nd the other the end, of the longest day, or continued day- 
lu[ht : the space between these two days will be the length 
(if the longest day. 

OB, ^r fHB ANALEKMA. 

Find the degree on 'the br^s meridian as directed above; 
lh#& -bring the analemma to the brass meridian, imd the two 
days wbidi stand under the above mark ^illipoint out the 
bH^tdng 9xA end of the longest day. 

^jBlLAlo^LES. 1. What is the length of the longest day at 
the North Cape, in the island of Maggeroe, in latitude 71° 30^ 
north ? 

Answer. The place is 18^° from the pole ; the longest day begins on 
the 14th of May, and ends on the 30th of July ; the day is therefore 
seveoty-seven days long, that is, the sun does not set during seventy-seven 
revolutions of the earth on its axis. 

2. What is the length of the longest day in the north of 
Spitzbergen, and on what days does it begin and end ? 

o 2 
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3. Wliat is the length of the longest day at the northern 
extremity of Nova Zembla ? 

4. What is the length of the longest day at the North 
Pole, and on what days does it begin and end ? 

5. What is the length of the longest day at Melville 
Island ? 

How long does the sun shine without setting in places in 
the following latitudes ? 

6. 73° N. 8. 77° N. 10. 8PN. 12. 85° N. 

7. 75° N. 9. 79° N. 11. 83° N. 13. 87** N. 

Problem XXXL 

To find the length of the longest night at any place in the 

north frigid zone. 

Rule. The method of working this problem is exactly 
like the last, only observing to read south for north, and 
Dec. 21. for June 21. 

Examples. 1. What is the length of the longest night 
at the North Cape, in the island of Maggeroe, in latitude 
71° 3(y north? 

Answer, The place is 18|^ from the pole: the longest night htpn 
on the 16th of Novemher, and ends on the 27th of January : the n^ 
is therefore seventy-three days long, that is, the sun does not rise duriof 
seventy-three revolutions of the earth on its axis. 

2. What is the length of the longest night at the north of 
Spitzbergen ? 

3. The Dutch wintered in Nova Zembla, latitude 76" 
north, in the year 1596 ; on what day of the month did thej 
lose sight of the sun ; on what day of the month did he 
appear again ; and how many days were they deprived of' 
bis appearance, setting aside the effect of refraction ? 

4. For how many days are the inhabitants of the northern- 
most eztremitj of Russia deprived of a sight of the son? 
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Problem XXXII. 

To find the number of days which the sun rises and sets at 
any place in the north* frigid zone. 

Rule. Subtract the latitude of the place from 90^, and 
observe on the brass meridian those two points, one on the 
north and the other on the south of the equator, which are 
like the remainder ; observe what two points of the ecliptic 
nearest to Aries pass under the above marks ; these points 
will show (upon the horizon) the end of the longest night and 
the beginning of the longest daj ; during the time between 
these days the sun will rise and set everj twentj-four hours; 
next observe what two points of the ecliptic, nearest to 
labra, pass under the marks on the brass meridian ; find 
these points, as before, in the circle of signs, and against 
them you will find the day on which the longest day ends 
at the given place, and the day on which the longest night 
begins ; during the time between these days, the sun will 
2ue and set every twenty-four hours. 

Or, 

Rnd the length of the longest day at the given place (by 
Ph)b. XXX.) and the length of the longest night (by Prob. 
XXXI.); add these together, and subtract the sum from 366 
days, the length of the year ; the remainder will show the 
number of days which the sun rises and sets at that place. 

Or, by the analemka. 

Find how many degrees the given place is from the north 
pole, and mark those degrees upon the brass meridian on 
both sides of the equator ; observe what four days on the 
analemma stand under the marks on the brass meridian ; the 
time between those two days on the left-hand part of the 
analemma (reckoning towards the north pole) will be the 
number of days on which the sun rises and sets, between 
the end of the longest night and the beginning of the longest 
day ; and the time between the two days on the right-hand 
part of the analemma (reckoning towards the south pole) 
will be the number of days on which the sun rises and sets, 

. * The same might be found for a place in the south frigid zone, were 
that aone mhabited. 

o 3 
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between the end of the longest day and the beginning of the 

longest night. 

Examples. — 1. How many days in the year does the sqn 

rise and set at the North Cape, in the island of Maggeroe, in 

latitude 71° SO" north ? 

Answer. The place is 18^^ from the pole; the two points in the ecUptic, 
nearest to Aries, which pass under 18^^ on the brass meridian, are 8^ in m^ 
answering to the 27th of January, and 24^ in o , answering to the Hth^ 
of May. Hence the sun rises and sets for 107 days, viz. firora the end of 
the longest night, which happens on the 27th of January to the begin- 
ning of the longest day, which happens on the 14th of May. Seeom^ 
the two points in th& ecliptic nearsat to Libra, which pass under 184^ en 
the brass meridian, are 8^ in Q, answering to the SOth of July, ana 24^ 
in v\, answering to the 15th of November. Hence the sun rises andsetl 
for 108 days, viz. from the end of the longest day, which happens on the 
SOth of July, to the beginning of the longest night, which happens (m 
the 1 5th of November ; so that the whole time of the 8un*s rising and 
setting is 215 days. 

Or,, thus : 

The length of the longest day, by Example 1st,. Prob^ XXX. ktT 
days; the length of the longest night, by Example 1st, Prob. XXXI. 
is 73 days ; the sum of these is ] 50, which, deducted from 365, leavei 
215 days as above. 

2. How many days in the year does the 3Hn, rise, aod sett at 
the north of Spitzbergen ? 

3. How many days does the sun rise and set at GreenlaDd, 
in latitude 75° north ? 

4. How many days does the sun rise and set at the. north- 
ern extremity of Russia in Asia ? 

How many days does the sun rise and set in the following 
latitudes ? 

5. 73° N. 7. 79° N. 9. 84° N. 

6. 77° K 8. 82° N. 10. 86° N. 

Problem XXXIIL 

To find in what degree of north latitude, on any day beiweeB 
the 21 st of March and the 2l8t of June, or in what degree 
of south latitude, on any day between the 23rd &f September 
and the 2lst of December, the sun begins to shine conr 
stonily without setting ; and also in what latitude tn tin 
opposite hemisphere he begins to be totally absent. 

Rule. Subtract the sun's declination for th^ giveQ daj 
from 90, the remainder is the answer. 
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Examples. 1. In what latitude north, and at what places, 
does the sun begin to shine without setting during several 
revolutions of the earth on its axis, on the 14th of May ? 

Answer, The sun*s declination is 18^° north ; therefore all places in 
latitude 71^^ north will be the places sought, tiz. the North Cape in 
Lapland, the southern part of Nova Zembla, Icy Cape, &c. 

. 2> In what latitude south does the sun begin to shine 
without setting on the 18th of October, and in what latitude 
north does he begin to be totally absent ? 

Answer. The sun's declination is 10° south ; therefore he begins to 
diine constantly in latitude 80^ south, where there are no inhabitants 
known, and to be totally absent in latitude 80^ north, viz. at Spitz- 
bergen. 

3. In what latitude does the sun begin to shine without 
aetting on the 20th of April ? 

4. In what latitude north does the sun begin to shine 
without setting on the 1st of June, and in what degree of 
south latitude does he begin to be totally absent ? 

In what latitude does the sun begin to shine without 
setting on the following days ? 

5. March 30. 7. May 1. 9. May 30. 
a April 10. 8. May 15. 10. June 7. 

Pkoblbm XXXIV. 

Ani/ number of days, not exceeding 182, being given, to find 
the 'parallel of north latitude in which the sun does not 
set for that time. 

Rule. Count half the number of days from the 21st of 
June on the horizon, eastward or westward, and opposite to 
the last day you will find the sun's place in the circle of 
signs : look for the sign and degree on the ecliptic, which 
bring to the brass meridian, and observe the sun's declina- 
tion : subtract this declination from 90, and you will have 
the latitude sought. 

Examples. 1. In what degree of north latitude, and at 
What places, does the sun continue above the horizon for 
ieventy-seven days? 

Answer. Half the number of days is 38^, and if reckoned backward, 
or towards the east, from the 21st of June, will answer to the 14th of 
May ; and if counted forward, or towards the west, will answer to the 
aOth of July ; on either of which days the sun's declination is 18^ degrees 
north, consequently the places sought are I8j degrees from the north 
pole, or in latitude 7i| degrees north ; answering to the North Cape in 
Lapland, the south part of Nova Zembla, ley Cape, &c. 

O 4 
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2. In what degree of north latitude is the longest daj 134 
days, or 3216 hours in length? 

3. In what degree of north latitude does the son continoe 
above the horizon for 2160 hours ? 

4. In what degree of north latitude does the sun continue 
above the horizon for 1 1 52 hours ? 

In what degree of north latitude does the sun shine with- 
out setting for the following number of days ? 

5. 24 dajs. 8. 56 days. 11. 96 days. 

6. 36 „ 9. 64 „ 12. 108 „ 

7. 40 „ 10. 84 „ 13. 120 „ 

Problem XXXV. 

To find the beginning, end, and duration of twilight at anjf 

given place on any given day. 

Bulb. Find the sun's declination for the given day, and 
elevate the pole equal to it ; screw the quadrant of altitude 
on the brass meridian, over the degree of the sun's declina« 
tion ; bring the given place to the brass meridian, and set 
the index of the hour-circle to 12 ; turn the globe eastward 
till the given place comes to the horizon, and the index 
will show the time of the sun's setting, or the beginning of 
evening twilight ; continue the motion of the globe eastward, 
till the given place coincides with 18° on the quadrant of alti« 
tude below the horizon, and the index will show when evening 
twilight ends. The time when evening twilight ends, sub- 
tracted from 12, will show the beginning of morning twi- 
light, which is of the same length as the evening. 

Or, thus : 

Elevate the pole equal to the latitude of the given place; 
find the sun's place in the ecliptic ; bring it to the brass 
meridian ; set the index of the hour-circle to 12, and screw 
the quadrant of altitude upon the brass meridian over the 
given latitude : turn the globe westward on its axis till the 
sun's place comes to the western edge of the horizon, and the 
index wiD show the time of the sun's setting, or the be- 
ginning of evening twilight; continue the motion of the 
globe westward till the sun's place coincides with 18° on the 
quadrant of altitude below the horizon : the index will shoir 
the end of evening twilight. Subtract the beginning from 
the end for the duration of evening twilight. 



CHAP. I.] THE TEBBBSTSIAL OLOBB. 297 

Or, by the AyAT.KMMA. 

Work exactly the same as in the above rule, only use the 
day of the month on the analemma instead of the sun's place 
in the ecliptic. 

Examples. L Required the beginning, end, and dura- 
tion of morning and evening twilight at London on the 19th 
of ApriL 

Answer, Tlie sun sets at two minutes past seven, and eyening twilight 
mds at nineteen minutes past nine; consequently morning twilight 

begins at (1 2h 9h. 1 9m. « ) 2h. 4 Im. and ends at ( 12h 7h. 2m. »= ) 

^. 58m. ; the duration of twilight is 2h. and 17 minutes. 

2. What is the duration of twilight at London on the 23rd 
of September; what time does dark night begin, and at 
what time does day break in the morning ? 

Atuwer. llie sun sets at six o'clock, and the duration of twilight is 
two hours ; consequently the evening twilight ends at eight o'clock, and 
the morning twilight begins at four. 

3. Required the beginning, end, and duration of morning 
and evening twilight at London on the 25th of August. 

4. Required the beginning, end, and duration of morning 
and evening twilight at Edinburgh on the 20th of February. 

5. Required the beginning, end, and 4uration of morning 
and evening twilight at Cape Horn on the 20th of February. 

6. Required the beginning, end, and duration of morning 
and evening twilight at Madras on the 16th of June. 

- Required the beginning, end, and duration of twilight at 
the following places on the respective days : 

7. Quito, May 1. 11. Quebec, May 1. 

8. Lima, December 1. 12. Edinburgh, April 7. 

9. New Orleans, March 9. 13. Paris, February 6. 
10. Charlestown, June 10. 14. Oporto, June 7. 

Problem XXXVI. 

To find the beginning^ end, and duration of constant day or 

twilight at any place. 

Rule. Add 18 to the latitude of the place, and subtract 
the sum from 90. Find the degree on the brass meridian 
which is like the remainder, and on the same side of the 
equator as the given place, and observe what two points of 

o 5 
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the ecliptic pass under tliat degree*; that point wherein the 
sun's declination is increasing will show on the horizon the 
beginning of constant twilight ; and that point wherein the 
sun's declination is decreasing, will show the end of consUmt 
twilight. 

Examples. 1. When do we begin to have constant day 
or twilight at London, and how long does it continue ? 

Answer. The latitude of lx>ndon is 51} degrees north, to which add 
18 degrees, the sum is 691; subtract 69} from 90, the remainder is 20|; 
the two points of the ecliptic which pass under 20| N. declination are 
two degrees in n, answeruig to the 22nd of May, and 29 degrees in 0, 
answering to the 21st of July; so that, from the 22nd of May to the 
21st of July the sun never descends 18 degrees below the horiion of 
London. 

2. When do the inhabitants of the Shetland Islands ccaae 
to have constant daj or twilight ? 

3. Can twilight ever continue from sun-set to sun-rise at 
Madrid? 

4. When does constant day or twilight begin at Spitz* 
bergen ? 

5. What is the duration of constant day or twilight at the 
North Cape in Lapland, and on what day, after their long 
winter's night, do the sun's rays first enter the atmosphere? 

When does constant day or twilight begin and end at the 
following places ? 

6. Copenhagen 8, Cape Horn 

7. Amsterdam 9. Quebec. 

What is the duration of constant day or twilight at the 
following places ? 

10. Inverness 12. Newcastle 14. layerpool 

11. Glasgow 13. York lo. Exeter. 

. Pboblbm xxxvn. 

To find the duration of twilight at the north pole. 

BuLE. Elevate the north pole so that the equator may 
coincide with the horizon ; observe what point of the ecliptic 
nearest to Libra passes under 18** below the horizon, reck- 

• If, after 18 degrees be added to the latitude, the distance from tbt 
pole will not reach the ecliptic, there will be no constant twilight at tbt 
given place, tnz. to the given latitude add 18 degrees, and subtract tbe 
sum from 90; if the remainder exceed 23^ degrees, there can be no cod* 
atant twilight at the given plaoe. 
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oned on the brass meridian, and find the daj of the mpnth 
oorrespondent thereto; the time elapsed from the 23rd of 
September to this time will be the duration of evening twi- 
light. Secondly, observe what point of the ecliptic, nearest 
to Aries, passes under 18° below the horizon, reckoned on 
the brass meridian, and find the day of the month corre- 
spondent thereto; the time elapsed from that day to the 21st 
of March will be the duration of morning twilight. 

£xAMPLE. What is the duration of twilight at the north 
pole, and what is the duration of dark night there ? 

AnMwer, The point of the ecliptic nearest to Libra which passes under 
18 d^rees below the horizon is 22 degrees in in, answering to the 1 3th 
if£ November ; hence the evening twilight continues from the 23rd of 
Stptember (the end of the longest day) to the ISth of November (the 
b^^ixming of dark night), being 51 days. The point of the ecliptic 
nearest to Aries which passes under 18 degrees below the horizon is 9 
d^rees in 8», answering to the 29th of January ; hence the morning 
twilight continues irom the 29th of January to the 21st of March (the 
beginning of the longest day), being 51 days. From the 23rd of September 
to the 21st of March are 179 days, from which deduct 102 (=51 x2), 
the remainder is 77 days, the duration of total darkness at the north 
pole ; but, even during this short period, the moon and the Aurora 
Sorealis shine with uncommon splendour. 



Problem XXXVII. 

To find in what climate any given place on the globe is 

situated. 

' Rule. 1. If the place be not in the frigid zone, find the 
length of the longest day at that place (by Problem XXVIII.) 
and subtract twelve hours therefrom ; the number of half 
hoars in the remainder will show the climate. 

2. If the place be in the frigid zone*, find the length of 

I 

* The climates between the polar circles and the poles were unknown 
to the ancient geographers ; they reckoned only seven climates north of 
the equator. The middle of the first northern climate they made to pass 
^Tough Meroe, a city of Ethiopia, built by Cambyses on an island in the 
Mile nearly under the tropic of Cancer ; the second through Si/ene, a 
city of Thebais in Upper Egypt, near the cataracts of the Nile ; the 
third through Alexandria ; the fourth through Rhodes ; the fifth through 
Rome or the Hellespont ; the sixth through the mouth of the Boryethenes 
or Dnieper ; and the seventh through the Ripkhaan mountains^ supposed 
to be situated near the source of the Tanais or Don river. The southern 
parts of the earth being in a great measure unknown, the climates re> 

oe 
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the longest day at that place (hj Prohlem XXX.), and if 
that be less than thirty days, the place is in the twentj-fifUi 
climate, or the Jirst within the polar circle. K more than 
thirty and less than sixty, it is in the twenty-sixth climate, or 
the second within the polar circle ; if more than sixty, and 
less than ninety, it is in the twenty-seventh climate, or the 
third within the polar circle, &c. 

Examples. 1. In what climate is London, and what other 
remarkable places are situated in the same climate ? 

Antwer, The longest day in London is 16) hours; if -we deduct IS 
therefrom, the remainder will be 4) hours, or nine half hours ; hence 
London is in the ninth climate north of the equator ; and as all places 
in or near the same latitude are in the same climate, we shall find Am- 
sterdam, Dresden, Warsaw, Irkoutsk, the southern part of the peninsula 
of Kamtschatka, Nootka Sound, the south of Hudson's Bay, the north 
of Newfoundland, &c. to be in the same climate as London. Theleamer 
is requested to turn to the note to Definition 69th, page 17. 

2. In what climate is the North Cape, in the island of 
Maggeroe, latitude 71° 3(y north ? 

Atuwer, The length of the longest day is 77 days : these days divided 
by 30 give two months for the quotient, and a remainder of 17 days; 
hence the place is in the third climate within the polar circle, or the 27th 
climate, reckoning from the equator. The southern part of Nova Zem- 
bia, the northern part of Siberia, James' Island, BafiSn*s Bay, the nortbera 
part of Greenland, &c. are in the same climate. 

3. In what climate is Edinburgh, and what other places 
are situated in the same climate ? 

4. In what climate is the north of Spitzbergen ? 

5. In what climate is Cape Horn ? 

6. In what climate is Botany Bay, and what oth^r places 
are situated in the same climate ? 

Problem XXXIX. 

To find the breadths of the several climates between the 

equator and the polar circles. 

Rule. For the northern climates. Elevate the north pole 
23^® above the northern point of the horizon ; bring the sign 

ceived their names firom the northern ones, and not from particular towns 
or places. Thus the climate, which was supposed to be at the same db- 
tanoe from the equator southward as Meroe was northward^ was called 
Antidiameroet, or the opposite climate to Meroe ; Antidiasyenes was the 
opposite climate to Syenes, &c. 
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Cancer to the meridiaD, and set the index to 12 : turn the 
globe eastward on its axis till the index has passed over 
a quarter of an hour ; observe that particular point of the 
meridian passing through Libra, which is cut bj the horizon, 
and at the point of intersection make a mark with a pencil ; 
continue the motion of the globe eastward till the index has 
passed over another quarter of an hour, and make a second 
mark ; proceed thus till the meridian passing through Libra* 
will no longer cut the horizon f; the several marks brought 
to the brass meridian will point out the latitude where each 
climate ends. | 

Examples. 1. What is the breadth of the ninth north 
dimate, and what places are situated within it ? 

Answer. The breadth of the 9tb climate is 2° 57'; it begins in lati- 
tude 49^ 2f north, and ends in latitude 51° 59' north, and all places 
situated within this space are in the same climate. The places will be 
nearly the same as those enumerated in the first example to the preceding 
problem. 

2. What is the breadth of the second climate, and in what 
latitude does it begin and end ? 

3. Required the beginning, end, and breadth of the fifth 
climate. 

4. What is the breadth of the seventh climate north of 
the equator, in what latitude does it begin and end, and 
what places are situated within it ? 

5. What is the breadth of the climate in which Petersburg 
Is situated ? 

6. What is the breadth of the climate in which Mount 
Hecla is situated ? 

Li what climate are the following places situated ? 

7. Lima 10. Oporto 12. Christiana 

8. Mexico 11. York 13. Melville L 

9. Madrid 

* On Adams* and Gary's globes the meridian passing through Libra 
is divided into degrees, in the same manner as the brass meridian is 
divided ; the horizon will, therefore, cut this meridian in the several 
degrees answering to the end of each climate, without the trouble of 
bnn^ng it to the brass meridian, or marking the globe. 

f On Newton's globes the meridian passing fiirough Cancer is thus 
divided. 

I See a Table of the Climates, with the method of constructing it, at 
jiages 16. and 17. 
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Problbh XL. 

To find fhat part of the equation of time whioh dependi on 

the obliquity of the ecUpfic.* 

Rule. Find the bud's place in the ecliptic, aad bring it 
to the brass meridian ; count the number of degrees from 
Ariea to tbe brass meridian, on the equator and on di& 
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ecliptic ; the difference, reckoning four minutes of time to 
a degree, is the equation of time. If the number of degrees 
on the ecliptic exceed those on the equator, the sun is faster 
than the clock ; but if the number of degrees on the equator 
exceed those on the ecliptic^ the sun is slower than the 
clock. 

Examples. 1. What is the equation of time on the 17th 
of July ? 

Answer. The degrees on the equator exceed the degrees on the ecliptic 
by two : hence the sun is eight minutes slower than the clock.* 

2. On what four days of the year is the equation of time 
nothing ? 

3. What is the equation of time dependant on the obli- 
quity of the ecliptic on the 27th of October ? 

4. When the sun is in 18° of Aries, what is the equation 
of time? 

Problem XLL 

To find the surCs meridian altitude at any time of the year 

at any given place. 

Rule. Find the sun's declination, and elevate the pole 
to that declination ; bring the given place to the brass men* 
dian, and count the number of degrees on the brass meridian 
(the nearest) to the horizon; these degrees will show the 
sun's meridian altitude.! 

Or, 

Elevate the pole so many degrees above the horizon as are 
equal to the latitude of the place ; find the sun's place in the 
ecliptic, and bring it to the brass meridian ; count the number 
of degrees contained in the brass meridian between the sun's 
place and the horizon, and they will show the altitude4 

Tq find the sun's aUUude at any hour, see Problem XLIV. 

Or, by the analemma. 

Elevate the pole so many degrees above the horizon as 
are equal to the latitude of the place ; find the day of the 

* The learner will observe, that the equation of time here determined 
is not the true equation, as noted on the 7th circle on the horizon of 
Bardin's giob^ ; the equation of time there given cannot be determined 
by the globe. See the Table 4 the end of Problem LXIV. 

t See Problem XX I. 

\ See Problem XXiL 
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month on the analemroa, and bring It to that part of th^ 
brass meridian which is numbered from the equator towards 
the poles; count the number of degrees contained on the 
brass meridian between the given day of the month and th6 
horizon, and they will show the altitude.* 

Examples. 1. What is the sun's meridian altitude at 
London on the 21st of June ? 

Answer, 62 degrees. 

2. What is the sun's meridian altitude at London on th« 
21st of March? 

3. What is the sun's least meridian altitude at London ? 

4. What is the sun's greatest meridian altitude at Cape 
Horn ? 

5. What is the sun's meridian altitude at Madras on the 
20th of June ? 

6. What is the sun*s meridian altitude at Bencoolen, on 
the 15th of January? 

7. What is the sun's meridian altitude at Edinburgh on 
the following days: Dec. 21, March 21, June 21 ? 

What is the sun's meridian altitude at the following places 
on the respective days ? 

8. Glasgow, May 1. 11. Liverpool, August 8. 

9. Lima, January 1. 12. Leipsic, October 1. 
10. Jamaica, June 21. 13. Naples, June 10. 

Problem XLII. 

When it is midnight at any place in the temperate or torrid 
zones, to find the sun^s altitude at any place {on the same 
meridian) in the north frigid zone, where the sun does not 
descend below the horizon. 

Rule. Elevate the pole equal to the sun's declination for 
the given day ; bring the place (in the frigid zone) to that 

* The 8un*s meridian altitude may be found by calculation as fol- 
lows : — 

If the latitude of the place and the sun*s declination be of the same 
name, add the latter to the complement of the latitude : their sum will be 
the 8un*s meridian altitude, but of a contrary name to the latitude. 
Should the sum exceed 90^, its supplement will be the altitude and of 
the same name with the latitude. When the latitude and declination are 
of different names, the latter subtracted from the co-latitude will give the 
8un*8 altitude of a contrary name to the lititude. If the declination ex- 
ceed the CO- latitude, the sun will be no many degrees below the horix<m 
as are equal to the difference between them. 
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xt of the brass meridian under the elevated pole, and the 
imber of degrees between it and the horizon will be the 
in's altitude. 

Or, 

Elevate the north pole equal to the latitude of the place 

1 the frigid zone ; bring the sun's" place in the ecliptic to 
\e brass meridian, and set the index of the hour circle to 
2; turn the globe on its axis till the index points to the other 

2 ; and the number of degrees between the sun's place and 
le horizon, counted on the brass meridian, will be the sun's 
Ititude. 

Examples. 1. What is the sun's altitude at the North 
^pe in Lapland, when it is midnight at Alexandria in 
fgjpt on the 21st of June ? 

Answer. 5 degrees. 

2. When it is midnight to the inhabitants of the island 
f Sicily on the 22nd of May, what is the sun's altitude at 
^e north of Spitzbergen, in latitude 80° north ? 

3. What is the sun's altitude at the north-east of Nova 
«embla, when it is midnight at Tobolsk, on the 15th of July ? 

4. What is the sun*s altitude at the north of Baffin's Bay, 
^hen it is midnight at Buenos Ayres, on the 28th of May ? 

Problem XLIII. 
To find the surCs amplitude at any place, 

i 

Rule. Elevate the pole equal to the latitude of the given 
place ; find the sun's place in the ecliptic, and bring it to the 
eastern semicircle of the horizon ; the number of degrees 
from the sun's place to the east point of the horizon will be 
the rising amplitude ; bring the sun's place to the western 
semicircle of the horizon ; the number of degrees from 
the sun's place to the west point of the horizon will be the 
setting amplitude.* 

Or, by the analemma. 

Proceed precisely as above directed, only using the day 
of the month in the analemma instead of the sun's place on 
the ecliptic. 

* In most globes the amplitude is marked on one of the circles of the 
borixon. The word amplitude will be found at the east and west points. 
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Examples. L What is the sun's amplitude at London on 
the 21st of June ? 

Answer, 39^ 48' to the north of the east, and 39^ 48' to tbe north of 
the west 

2. On what point of the compass does the sun rise and set 
at London on the 17th of May? 

3. On what point of the compass does the sun rise and set 
at the Cape of Good Hope on the 21st of December? 

4. On what point of the compass does the sun rise and set 
on the 21st of March ? 

5. On what point of the compass does the sun rise and set 
at Washington on the 21st of October? 

6. On what point of the compass does the sun rise and set 
at Petersburg on the 18th of December? 

7. On December 22nd, 1844, in latitude 81° 38' S. and 
longitude 83° W., if the sun set on the S.W. point of the 
compass, what was the variation ? 

8. On the 15th of May, 1846, if the sun rose E. by N^in 
latitude 33° 15' N. and longitude 18° W., what was Ae 
variation of the compass ? 

What is the sun's amplitude on the following d&ys at 
DubHn ? 

9. January 1. 11. May 11. 13. August 8. 
10. February 15. 12. June 21. 14. October IL 



Pboblem XLIV. 

To find the surCs azimuth and his altitude at anyplace, the 

day and hour being given. 

Rule. Elevate the pole equal to the latitude of the place, 
and screw the quadrant of altitude on the brass meridian, 
over that latitude ; find the sun's place in the ecliptic; bring 
it to the brass meridian, and set the index of the houir cur* 
cle to 12; then turn the globe till the index point ^to tbe 
given hour; bring the graduated edge of the quadrant of 
altitude over the sun's place; then the number of degrees on 
the horizon, reckoned from the north or south point thereof 
to the graduated edge of the quadrant^ will show the 
nzimuth*, and the number of degrees on the quadrant cut by 
the sun's place will be the sun's altitude. 

* The aumuth is macked oa one of the circles on the horUoiu 
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Ob, by the analemma. 

Proceed precisely as above, only using the day of the 
month in the analemma instead of the sun's place in the 
ecliptic. 

Examples. 1. What is the sun's altitude, and his azimuth 

from the north, at London, on the Ist of May, at ten o'clock 

In the morning ? 

Anmoer, The altitude is 47^, and the azimuth from the north 136^, 
pr Irom the south 44^. 

2. What is the sun's altitude and azimuth at Petersburg 
on the 13th of August, at half-past five o'clock in the 
morning? 

3. What is the sun's azimuth and altitude at Antigua, on 
the 21st of June, at half-past six in the morning, and at 
half-past tei;i?* 

4. At Barbadoes on the 21st of June, required the sun's 
izimuth and altitude at 8 minutes past 6, and at | past 9 in 
the morning : also at \ past 2, and at 52 minutes past 5 in 
the afternoon. 

5. On the 13th of August at half-past eight o'clock in the 
soproing, at sea, in latitude 57° N. the observed azimuth of 
the sun was S. 40° 14^ E., what was the sun's altitude, his 
true azimuth, and the variation of the compass ? 

6. On the 14th of January, in latitude 33° 52' S., at half 
past three o'clock in the afternoon, the sun's magnetic azi- 
muth w^s observed to be N. 63° 51' W. ; what was the true 
azimuth, the variation of the compass, and the sun's alti- 
tude? 

What is the sun's altitude and azimuth at the following 
places and times ? 

7. Edinburgh, June 21, 8 p.m. 

8. Bristol, December 21, 9 a.m. 

9. Tunis, August 8, 3 p.m. 
10, Mecca, June 1, 2 p.m. 

* At all places in the torrid zone, whenever the declination of the sun 
cxeeeds the latitude of the place, and both are of the same name, the 
fun will appear twice In the forenoon and twice in the afternoon, on the 
same point of the compass, and will cause the shadow of an azimuth 
dial to go back several degrees. In this example, the sun*s azimuth at 
the hours given above will be 69° from the north towards the east ; 
imd at half-past eight o'clock, the sun will appear to have the same 
asimuth for some time. 
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11. Surat, August 11, 1 p.m. 

12. Tornea, July 7, 5 a.m. 

13. I. of France, January 30, 7 a.m. 

14. Botany Bay, May 7, 4 p.m. 

Problem XLV. 

The latitude of the place, day of the month, and the 9uri$ 
altitude being given, to find the surCs azimuth and the 
hour of the day,* 

Rule. Elevate the pole equal to the latitude of the place, 
and screw the quadrant of altitude on the brass meridian 
over that latitude ; bring the sun's place in the ecliptic to the 
brass meridian, and set the index of the hour-circle to 12; 
turn the globe on its axis and the quadrant till the sun's 
place in the ecliptic coincides with the given degree of 
altitude on the quadrant; the index will show the time, 
and the azimuth will be found on the horizon, as in the pre- 
ceding problem. 

OR) by the analemma. 

This problem is worked by the analemma precisely as 
above, only using the day of the month in the analemma 
instead of the sun's place in the ecliptic. 

Examples. 1. At what hour of the day on the 21st of 

March is the sun's altitude 22^^ at London, and what is his 

azimuth ? The observation being made in the afternoon. 

Answer, The time from noon will be found to be 3 hours SO minuteSi 
and the azimuth 59° 1 ' from the south towards the west. Had the 
observations been made before noon, the time from noon would have 
been 3| hours, viz. it would have been 30 minutes past 8 in the 
morning, and the azimuth would have been 59° 1' from the south towards 
the east.f 

^ ■■ ■■' -■■ — ■ ■ ■ .1 ■■■-II ■ — ^— ^p— ^—^rf 

* This problem is only a variation of the preceding ; for, by the nature 
of spherical trigonometry, any three of the following quantities, viz. the 
latitude of the place, the eurCs dedxnationj altitude^ azimuth or time of the 
day, being given, the rest may be found, admitting of several variations. 
A large collection of Astronomical problems may be found in Keith*s 
Triffonometry, seventh edit, page 281., &c. These problems are useful 
exercises on the globes. 

f The learner will observe, that the sun has the same altitude at equal 
distances from noon ; hence it is necessary to say whether the observation 
be made before or after noon, otherwise the problem admits of two 
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2. At what hour on the 9th of March is the sun's altitude 
25° at London, and what is his azimuth ? The observation 
being made in the forenoon. 

3. At what hour on the 18th of May is the sun's altitude 
30^ at Lisbon, and what is the azimuth ? The observation 
being made in the afternoon. 

4. Walkino^ along the side of Queen-square in London, 
on the 5th of August in the forenoon, I observed the shadows 
of the iron-rails to be exactly the same length as the rails 
themselves* ; pray what o'clock was it, and on what point of 
the compass did the shadows of the rails fall ? 

5. In latitude 13^ 30' N., on the 21st of June, the sun 
bad the same azimuth at two different times in the morning; 
and also in the afternoon, viz. when his altitude was 7° 17' 
and 56° 55' ; required the azimuth and the hours of the 
day. It is likewise required to find the azimuth when it 
18 the greatest, and the hour ; the altitude at that time being 
35^ 50^. 

What will be the sun's azimuth and the hour when it has 
the following altitudes at the under-mentioned places, on the 
given days ? 

Altitude. 

6. Edinburgh, May 11. - - - 25° morning. 

7. Lisbon, August 1. - - - 58° morning. 

8. Cherson, June 6. - - - 60° evening. 

9. Archangel, January 7. - - 4° morning. 

10. Owhyhee, September 20. - - 32° evening. 

11. Aberdeen, February 11. - - 8° morning. 

12. York, July 7. - - - - 37° evening. 

13. Naples, December 21. - - - 14° morning. 

14. Medina, August 1. - - - 62° morning. 

15. Conatantinople, May 11. - - 53° morning. 

Prob).£M XLVL 

Given the latitude of the place, and the day of the months 
to find at what hour the sun is due east or west 

Bulb. Elevate the pole equal to the latitude of the 
place ; find the sun's place in the ecliptic ; bring it to the 
brass meridian, and set the index of the hour-circle to 12 ; 

* WdiB Geographical Theorem 20, page 4}. 
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screw the quadrant of altitude on the brass meridian, over 
the given latitude, and move the lower end of it to the east 
point of the horizon ; hold the quadrant in this pedtien, and 
move the globe on its axis till the sun's place comes to the 
graduated edge of the quadrant; the index will show the 
time when the sun is due ea8t*> and at the same time fixnn 
noon he will be due west. 

Ob, by the AixALEmuL, 

This is exactly the same as above, only instead of bringing 
the sun*s place to the graduated edge of the quadrant, th6 
day of the month on the analemma must be brought to it. 

Examples. 1. At what hour will the sun be due east at 
London on the 19th of May ; at what hour will he be ^ne 
west ; and what will his altitude be at these times ? 

Answer. The time from 12, "when the sun is due eiist, is 4 houlrs 54 
minutes ; hence the sun is due east at 6 minutes past 7 o'clock in the 
morning, and due west at 54 minutes past 4 in the afternoon ; the 8ttD*f 
altitude will be found at the same time, as in Problem XLIV. In 
this example it is 25° 26'. 

2. At what hours will the sun be due east and west 9i 
London on the 21st of June, and on the 21st of December; 
and what will be his altitude above the horizon on the 2l8t 
of June ? 

3. Find at what hours the sun will be due east and West, 
not only at London, but at every place on the surface of the 
globe, on the 21st of March and on the 23rd oif September. 

4. At what hours is the sun due east and west «t Buenos 
Ayres on the 21st of December? 

PbOblem XLVIL 

Given the surCs meridian altitude and the day of the month, 

to find the latitude of the place, 

KuLE. Find the sun's place in the ecliptic, and bring it 

^ If the latitude be north, and the sun*s declination t)e sdiith, he Irtil 
be due'east and west when he is below the hori:^on ; and the< stole thing 
will happen if the latitude be south when the declination is north. 
Examples exercising these cases are useless; however, ihey are easily 
solved, if we consider that, when the sun is due east beloW the boriiM 
at any time, the opposite point of the ecliptic will be due west above the 
horizon; therefore, instead of bringing the lower edge of the quadrant to 
the east of the horizon, bring it to the west, and, instead of using the 
tun*s place, nitfkeiise'of a point in thie ecliptic diametrically opposite. 
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to the brass meridian; then, if the sun was south* of the 
observer when the ahitude was taken, count the number of 
degrees from the sun's place on the brass meridian towards 
the south point of the horizon, and mark where the reckon- 
ing ends ; bring this mark to the south point of the horizon^ 
and the elevation of the north pole will show the latitude. 
If the sun was north of the observer when the altitude was 
fak^n, the degrees must be counted in a similar manner, from 
the Bun's place towards the north point of the horizon, and 
the elevation of the south pole will show the latitude. 

Or, without a globe. 

Subtract the sun's altitude from 90 degrees; the re- 
mainder is the zenith distance. If the sun be south when 
his altitude is taken^ call the zenith distance north ; but, if 
north, call it south; find the sun's declination in an ephe- 
merisf or a table of the sun's declination ;(, and mark 
whether it be north or south ; then, if the zenith distance 
mid declination have the same name, their sum is the lati- 
tude : but, if they have contrary names, their difference is 
the latitude, and it is always of the same name with the 
greater of the two quantities. 

Examples. On the 10th of May, 1842, I observed the 
sun's -meridian altitude to be 50°, and it was south of me at 
iSkat time ; required the latitude of the place. 

Antiper, 57° 35' north. 

By calcvJatum, 
90° 0' 
-50 S.f 8un*s altitude at noon. 



40 iV., the zenith's disttoee. 

17 '35 iV;, the sixh*s declination, lO^Ui May, 1642. 



57 35 N., the latitude sought. 

2. On the 10th of May, 1842, the sun's meridian altitude 
was observed to be 60^, find it was north of the observer at 
that time ; required the latitude of the place. 

An$kfH'. 22° 25' south. 

* It is necessary to state whether the sun be to the north or sOuth of 
the observer at noon, otherwise the problem is unlimited. 

f llie most convenient is the Nautical Almanac, or White's £^hc- 
liie'ris ; tee the note pi^e d7, 

t Rige270. 
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By coktdatum, 
90° O' 
50 ON., sun's altitude at noon. 



40 OS*, the zenith's distance. 

17 S5 N., the sun's declination, lOtb May, 1842. 



22 25 ^.« the latitude sought 

3. On the 5th of August, 1842, the sun's meridian altitude 
was observed to be 74° SC north of the observer ; what was 
the latitude? 

4. On the 19th of November, 1842, the sun's meridian 
altitude was observed to be 40° south of the observer ; what 
was the latitude ? 

5. At a certain place, where the clocks are two hours 
faster than at London, the sun's meridian altitude was ob- 
served to be 30° to the south of the observer on the 2l8t of 
March ; required the place. 

6. At a place where the clocks are five hours slower than 
at London, the sun's meridian altitude was observed to be 
60° to the south of the observer on the 16th of April, 1843; 
required the place. 

What is the latitude of those places at which the sun has 
the following meridian altitudes on the given days ? 

7. 40° S., August 1st. 11. 57° S., September 4th. 

8. 70° S., January 2nd. 12. 83° N., September 23rd. 

9. 49° N., August 1. 13. 37° N., December lOtL 
10. 38° S., April 11th. 

14. At a place where the clocks are 4 hours slower than 
at London, the sun's meridian altitude on November 22nd 
was 67° S. ; required the place. 

15. What place is that where the clocks are 3 hours faster 
than that at Jerusalem, where the sun's meridian altitude on' 
April 25th is 90° ? 

Problem XLVm. 

The length of the longest day at any place^ not toithin the 
polar circlesy being given^ to find the latitude of that 
place. 

BuLE. Bring the first point of Cancer or Capricorn Xo 
the brass meridian (according as the place is oi^ the nortl^ or 
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south side of the equator), and set the index of the hour- 
circle to }2 ; turn the globe westward on its axis till the 
index of the hour circle has passed over as many hours as 
«re equal to half the length of the day ; elevate or depress 
the pole till the sun's place (viz. Cancer or Capricorn) comes 
to the horizon ; then the elevation of the pole will show the 
latitude* 

Non. This problem will answer for any day in the year, as well as 
Hm longest day, by bringing the sun's place to the brass meridian and 
pioceemng as above. 

Or, Bring the middle of the analemma to the brass meridian, and set 
Am index of the hour-circle to ]2 ; turn the globe westward on its axis 
iSXL the index has passed over as many hours as are equal to half the 
kogth of the day ; elevate or depress the pole till the day of the month 
eoineides with the horizon, then the elevation of the pole will show the 
Mtude. 

Examples. 1. In what degree of north latitude, and at 
what places is the length of the longest day 16^ hours? 

Antwer, In latitude 52^, and all places situated on, or near that 
Pinllel of latitude, have the same lengdi of the day. 

2. In what degree of south latitude, and at what places is 
ibe longest day 14 hours ? 

3. In what degree of north latitude is the length of the 
Icmgest day three times the length of the shortest night ? 

f There is a town in Norway where the longest day is 
five times the length of the shortest night ; pray what is the 
lame of the town ? 

5. In what latitude north does the sun set at seven o'clock 
on the 5th of April ? 

. 6. In what latitude south does the sun rise at five o'clock 
on the 25th of Novemher ? 

7. In what latitude north is the 20th of May 16 hours 

8* In what latitude north is the night of the 15th of 
Angust 10 hours long ? 
In what latitudes is January 20th of the following lengths ? 
9. 6 hours. 11. 10 hours. 13. 16 hours. 

10. 8 hours. 12. 12 hours. 14. 18 hours. 
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Problem XLIX, 

The latitude of a place and the day of the month being given^ 
to find how much the sun^s declination must vary to make 
the day an hour longer or shorter than the given day* 

Rule. Find the sun's declination for the given day, and 
elevate the pole to that declination ; bring the given place to 
the brass meridian, and set the index of the hour-circle to 
12 : turn the globe eastward on its axis till the given 
place comes to the horizon, and observe the hour on the 
index. Then, if the days be increasing, continue the motion 
of tlie globe eastward till the index has passed over another 
half hour, and raise or depress the pole till the place 
comes again into the horizon ; the elevation of the pole will 
show the sun's declination when the day is an hour longer 
than the given day ; but, if the days be decreasing, after the 
place is brought to the eastern part of the horizon, turn the 
globe westward till the index has passed over half an hour, 
then raise or depress the pole till the place comes a second 
time into the horizon, the last elevation of the pole will show 
the sun's declination when the day is an hour shorter thaa 
the given day. 

Or, 

Elevate the pole to the latitude of the place, find the 8un'» 
place in the ecliptic, bring it to the brass meridian, and set 
the index of the hour-circle to 12 ; turn the globe westward 
on its axis till the sun's place comes to the horizon, and 
observe the hour by the index ; then, if the days be increas- 
ing, continue the motion of the globe westward till the index 
has passed over another half-hour, and observe what point 
of the ecliptic is cut by the horizon ; that point will shew 
the sun's place when the day is an hour longer than the given 
day, whence the declination is readily found ; but, Jf tiie 
days be decreasing, turn the globe eastward till the index has 
passed over half an hour, and observe what point of Ae 
ecliptic is cut by the horizon ; that point will show the sun's 
place when the day is an hour shorter than the given day. 

Or, bt the analemma. 

Proceed exactly the same as above, only, instead of bring- 
ing the sun's place to the brass meridit^n, bring the analemmft 
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there, and instead of the sun's place, use the day of the 
month on the analemma. 

Examples. How much must the sun's declination varj 
that the day at London may be increased one hour from the 
24th of February ? 

Annoer. On the 24th of February the sun's declination is 9^ dS' 
louth, and the sun sets at a quarter past five ; when the sun sets at three 
quarters past five, his declination will be found to be about 44° south, 
answering to the 10th of March ; hence the declination has decreased 
^ 23', and the days have increased 1 hour in 14 days. 

2. How much must the sun's declination vary that tlie 
day at London may decrease <me hour in length fVom tho 
26th of July ? 

Anawer, The sun*s declination on the 26th of July is 19° 38' north, 
and the sun sets at 49 min. past seven ; when the sun sets at 19 min. past 
seven, his declination will be found to be 14° 43' north, answering to the 
13th of August : hence the declination has decreased 5° 55'» and the 
days have decreased out hour in 18 days. 

3. How much must the sun's declination vary from the 
5th of April, that the day at Petersburgh may increase one 
hour ? 

4. How much must the sun's declination vary, from the 
4th of October, that the day at Stockholm may decrease one 
hour? 

5. What is the difference in the sun's declination, when 
he rises at seven o'clock at Petersburgh, and when he sets at 
nine? 

Problem L. 

To find the surCs right ascension, oblique cucensum, oblique 
descension, ascensional difference, and time of rising and 
setting at any pkice^ 

This problem is best done by the celestial globe. 

Bulb. Find the sun's place in the ecliptic, and bring it to 
the brass meridian ; the degree on the equator cut by the 
graduated edge of the brass meridian, reckoning from the 
point Aries eastward, will be the sun's right ascension. 

Elevate the pole equal to the latitude of the place, bring 
the sun's place in the ecliptic to the eastern part of the 
horizon *, and the degree on the equator cut by the horizon, 
reckoning from the point Ariea eastward, will be the sun's 

* The rising amplitude moj be seen at the same time. See Problem 
XLIII. 

r 2 
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oblique ascension. Bring the sua's place in the ecliptic to 
the western part of the horizon*, and the degree on the 
equator cut by the horizon, reckoning from the point Aries 
eastward, will be the sun's oblique descension. 

Find the difference between the sun's right and oblique 
ascension ; or, which is the same thing, the difference between 
the right ascension and oblique descension, and turn this 
difference into time by multiplying by 4 f : then, if the sun's 
declination and the latitude of the place be both of the same 
name, viz. both north or both south, the sun rises before six 
and sets after six, by a space of time equal to the ascensional 
difference ; but if the sun's declination and the latitude be of 
contrary names, viz. the one north and the other south, the 
sun rises after six and sets before six. 

Examples. 1. Required the sun's right ascension, ob- 
lique ascension, oblique descension, ascensional difference, 
and time of rising and setting at London, on the 16th of 
April ? 

Answer, The right ascension is 23o 30', the oblique ascension is 
9^45', the ascensional diflterence (23 30'— 9° 45' = ) 13° 45', or 55 
minutes of time ; consequently the sun rises 55 minutes before 6, or 
S min. past 5* and sets 55 min. past 6. The oblique descension is 
37° 15' ; consequently the descensional difference is (37° 15' — 23° SO^as) 
13° 45', the same as the ascensional difference. 

2. What are the sun's right ascension, oblique ascension, 
and oblique descension, on the 27th of October at London? 
what is the ascensional difference, and at what time does the 
sun rise and set ? 

3. What are the sun's right ascension, declination, oblique 
ascension, rising amplitude, oblique descension, and setthig 
amplitude, at London, on the 1st of May? what is the 
ascensional difference, and at what time does the sun rise 
and set ? 

4. What are the sun's right ascension, declination, obliqae 
ascension, rising amplitude, oblique descension, and setting 
amplitude at Petersburgh, on the 21st of June ? what is the 
ascensional difference, and at what time does the sun rise 
and set ? 

5. What are the sun's right ascension, declination, obliqae 
ascension, rising amplitude, oblique descension, and setting 
amplitude at Alexandria, on the 21st of December ? what is 

' * The setting amplitude may here be«een. Vide Prob. XLIII. 
t See Problem XVIII. 
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^ the ascensional difference, and at what time does the sun 
^ rise and set ? 

What are the sun's right ascension, oblique ascension, 
declination, oblique descension, ascensional difiference, and 
-] amplitude at the following places and times ? 

6. Calcutta, February 11. 10. Havanna, July 11. 

7« Cracow, August 22. 11. Montevideo, April 20. 

8. New York, October 12. « 12. Lima, August 1. 

9. Montreal, December 1. 

Problem LI. 

Given the day of the month and the sun^s amplitudey to find 
the latitude of the place of observation. 

BuLE. Find the sun's place in the ecliptic, and bring it to 
the eastern or western part of the horizon (according as the 
eastern or western amplitude is given) ; elevate or depress the 
pole till the sun's place coincides with the given amplitude on 
the horizon, then the elevation of the pole will show the 
ktitude. 

Examples. 1. The sun's amplitude was observed to be 
89^ 48^ from the east towards the north, on the 21st of June ; 
iieqiiired the latitude of the place. 

Jntwer. 51® 32' north.* 

'2. The sun's amplitude was observed to be 15** 30' from 
the east towards the north, at the same time his declination 
was 15® SC : required the latitude. 

3. On the 29th of May, when the sun's declination was 
21 ** B(y north, his rising amplitude was known to be 22° 
northward of the east : required the latitude. 
• 4. When the sun's declination was 2° north, his rising 
amplitude was 4° north of the east : required the latitude. 

What are the latitudes of the places at which the sun has 
^e following amplitudes on the given days ? 

5. July 7. 43 N.E. 9. Dec. 11. 60 S.E. 

6. Aug. 9. 38 N.E. 10. May 20. 60 N.E. 

7. Sept. 29. 4 SJl. 11. June 21. 80 N.E. 

8. Oct. 19. 14 S.E. 12. Dec. 21. 80 S.E. 

* See KeUh*$ Trigonometry, fourth edition, page S85. 
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Problem LIL 

Given two observed altitudes of the sun, the time elapsed 
between themy and the surCs declination^ to find the lad' 
tude.^ 

Rule. Take a number of degrees equal to the sun's 
declination from the equator with a pair of compasses, and 
apply the same number of degrees upon the meridian passing 
through Libra f from the equator northward or southward, 
and mark Avhere thej extend to ; turn the elapsed time into 
degrees {, and count those degrees upon the equator from the 
meridian passing through Libra; bring that point of the 
equator where the reckoning ends to the graduated edge of 
the brass meridian, and set off the sun's declination from that 
point along the edge of the meridian, the same way as before; 
then take the complement of the first altitude from the 
equator in your compasses, and with one foot in the sun's 
declination, and a fine pencil in the other foot, describe an 
arc ; take the complement of the second altitude in a similar 
manner from the equator, and with one foot of the compasses 
fixed in the second point of the sun's declination, cross the 
former arc : the point of intersection brought to that part 
of the brass meri^an which is numbered from the equator 
towards the poles, will stand under the degree of latitude 
sought. 

Examples. 1. Suppose on the 4th of June, 1839, in 
north latitude, the sun's altitude at 29 minutes past 10 in the 
forenoon, to be 65° 24', and at 31 minutes past 12, 74® 8': 
required the latitude. 

Answer, The sun's declination is 229 22' north, the elapsed time two 
hours two min. answering to 3(P SO' ; the complement of the first alt^ 
tude 24^ 36', the complement of the second altitude 15^ 52', and tlM 
latitude sought 36° 57' north. 



* If the teacher should think the drawing circles on the globe with a 
pair of compasses exceptionable, this problem may be omitted. 

j- Any meridian will answer the purpose as well as that which passes 
through Libra ; on Adams' and on Gary's globes this meridian is divided 
like the brass meridian. If Newton's globes be used, take the meridiso 
|>as8ing through Cancer. 

/ See the method of turning time into degrees. Prob. XIX, 



CHAP. I.] THE TEBBESTBIAL GLOBE. 319 

2. * Given tlie sun's declination 19° 39' north, his alti- 
tude in the forenoon 38° 19', and, at the end of one hour 
and a half, the same morning, the altitude was 60° 25' : 
required the latitude of the place, supposing it to be north. 

3. When the sun's declination was 22° 40' north, his alti- 
tude at 10 h. 54 m. in the forenoon was 53° 29', and at 1 h. 
17 m. in the afternoon it was 52° 48'; required the latitude 
of the place of observation, supposing it to be north. 

4. In north latitude, when the sun's declination was 22° 23' 
south, the sun's altitude in the afternoon was observed to be 
14** 46', and after 1 h. 22 m. had elapsed, his altitude was 
8° 27' ; required the latitude. 

Problem LITE. 

The day and hour being given when a solar eclipse tvUl 
happen^ to find where it will be visible, 

Bule. Find the sun's declination, and elevate the pole 
agreeably to that declination ; bring the place at which the 
hour is given to the brass meridian, and set the index to the 
given time, turn the globe till the index points to 12 at noon^ 
and under the degree of the sun's declination on the brass 
meridian you will find the place on the globe where the sun 
WiU be vertically eclipsed f : at all places within 70 degrees 
of this place, the eclipse may'\, be visible, especially if it be a 
total eclipse. 

Example. On the 9th of October, 1847, at 29 min. past 
seven o'clock in the morning at London, there will be an 
eclipse of the sun, where will it be visible, supposing the 
moon's penumbral shadow should extend northward 70 
degrees from the place where the sun will be vertically 
eclipsed ? 

Answer, To the whole of Arabia, Persia, Hindoostan, &c. For more 
examples consult the Table of £clipses following the next problem. 

* A great variety of examples accurately calculated by a general rule^ 
without an assumed latitude, may be seen in Keith** Trigonometry ^ seventh 
edition, 323, &c. 

j- The effect of parallax is so great, that an eclipse may not be visible 
even where the sun is verticaL 

\ "When the moon is exactly in the node, and when the axes of the 
moon*s shadow and penumbra pass through the centre of the earth, the 
breadth of the eart)i*s surface under the penumbral shadow is 70^ 20' : 
but the breadth of this shadow is variable ; and if it be not accurately 
determined by calculation, it is impossible to tell by the globe to what 
extent an eclipse of the sun will be visible. 

r 4 
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Problem LIV. 

The day and hour being given when a lunar eclipse vntt 
happen, to find where it will he visible, 

Bule. Find the sun's declination for the given day, and 
elevate the opposite pole equal to the declination. Bring the 
given place to the brass meridian, and set the index to the 
given hour, and then turn the globe till the index points to 
12 at midnight, and to all places then above the horizon the 
lunar eclipse will be visible. 

Example. On the 31st of May, 1844, at 60 minutes past 
ten in the evening at London, there will be an eclipse of the 
moon ; where will it be visible ? 

Ansfoer. It will be visible to the whole of Europe, Africa, and the 
greater part of the continent of Asia. For more examples see the follow- 
ing Table of Eclipses, and pages 324 and 325. 

Note. The substance of the following Table of Eclipses was extracted 
from Dr. HtUton*a translation of Montttcla*s edition of Oscmofn^s Mathema- 
tical and Physical Recreations^ published by Mr. Kearsley in Fleet-street, 
lliese eclipses were originally calculated by M. Pingr^, a member of the 
Academy of Sciences, and published in VArt de verier les Dates, In 
classing these tables the arrangement of Mr. Ferguson has been followed ; 
see page 267 of his astronomy, where a catalogue of the visible eclipses 
is given from 1700 to 1800, taken from VArt de verifier let Dates. It 
may be necessary to inform the learner, that the times of these eclipses, as 
calculated by M. Pingre, are not perfectly accurate, and were only 
designed to show nearly the time when an eclipse may be expected tp 
happen. The limits where these eclipses are visible are generally from 
the tropic of Cancer in Africa, to the northern extremity of Lapland, and 
from the 5th degree of north latitude in Asia, to the north polar eircle; 
though some few of them are visible beyond the pole. In longitude, the 
limits are the fifth and 155th meridians, supposing the 20th to pas? 
through Paris : hence it appears that they are calculated for the meridian 
of Ferro ; which will make their limits from London to be from 1 2° 46* 
west long, to 137° 14' east. M. Pingr^ says, that an eclipse of the stra 
is visible from 32° to 64° north, and as far south of the place where it is 
central. In the following table the moon is represoited by }) , the sun 
by 0, T stands for total, P for partial, M for morning, and A for afters 
noon, the rest is obvious. 
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(A 



1823 



Months 

and 

Days. 



1824 



1825 



1826 



1827 



1828 
1829 



1830 



1831 

1832 
1833 



1834 

1835 

1835 
1836 



© 


1) 
D 

© 
D 

O 
D 

© 

D 

D 

D 

© 

© 
D 
D 
© 
© 

D 
© 

© 
D 
D 
D 
D 

© 
D 
D 

© 
D 
D 
D 

© 

© 
D 
© 



T 
P 

P 

P 

P 

T 



P 
P 



P 
P 



T 
T 
P 
P 

P 
P 

T 
T 
P 

P 

P 



Jan. 26 
Feb. 11 
July 8 
July 23 
Jan. 16 
June 26 
July 11 
Dec. 20 
June 1 
June 16 
Nov. 25 
May 21 
Nov. 14 
Nov. 29 
April 26 
May 11 
Nov. 3 
April 14 
Oct. 9 
March 20 
Sept. 13 
Sept. 28 
Feb. 23 
March 9 
Sept. 2 
Feb. 26 
Aug. 23 
July 27 
Jan 6 
July 2 
July 17 
Dec. 26 
June 21 
Dec. 16 
May 27 
June 10 
Nov. 20 
May 1 
May 15 



Time. 



s 

^ 




1839 



1841 



1842 



1843 



1844 



1845 



1847 



1848 



1846© 

© 

D 

© 
© 
D 
D 
© 
© 
D 
D 
il850;© 

© 



1849 



T 
T 



P 
P 



\ 



Months 

and 

Days. 



Time. 



Oct. 24 
April 20 
May 4 
Oct. 13 
April 10 
Oct. 3 
March 15 
Sept. 7 
Feb. 17 
March 4 
Aug. 13 
Feb. 6 
Feb. 21 
July 18 
Aug. 2 
Jan. 26 
July 8 
July 22 
June 12 
Dec. 7 
Dec. 21 
May 31 
Nov. 25 
May 6 
May 21 
Nov. 14 
April 25 
Oct. 20 
March 31 
Sept 24 
Oct. 9 
March 19 
Sept. 13 
Sept. 27 
Feb. 23 
March 9 
Sept 2 
Feb. 12 
Aug. 7 



9 

1* 

H 

10^ 
2 
4 

H 

H 
11 

2 

10 
6 
7 

11 
8 

Oi 
5i 

11 
Ot 
Si 
44 

1 

5^ 
8' 
9] 
3 

7} 
9i 
64 
10 

H 
I 

H 

10 



A 
A 
A 
A 
M 
A 
A 
A 
A 
M 
M 
M 
M 
A 
M 
A 
M 
M 
M 
M 
M 
A 
M 
M 
A 
M 
A 
M 
A 
A 
M 
A 
M 
M 
M 
M 
A 
M 



A 



r 5 
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1851 



1852 



1853 
1854 

1855 



1856 



1857 
1858 



1859 



1860 



1861 



1862 



iBsa 



1864 
1865 



/ 



D 
D 

© 
D 

D 

O 
D 
D 
]) 
)> 
D 

c 

D 
D 

© 
D 

O 
) 


D 
D 

]) 
D 

D 

O 

© 
D 

Q 
D 
D 

3> 
D 
D 
O 
D 
D 



Months 

and 

Days. 



P Jan. 17 
P July 13 
July 28 
T Jan. 7 
T July 1 
Dec. 11 
Dec. 26 
p; June 21 
Pj May 12 



P 
T 

T 
P 



P 

T 

T 
P 



T 
T 



T 
P 

P 
P 



Nov. 4 
May 2 
May 16 
Oct. 25 
April 20 
Sept. 29 
Oct. 13 
Sept. 18 
Feb. 27 
March 15 
Aug. 24 
Feb. 17 
July 29 
Aug. 13 
Feb. 7 
July 18 
Aug. 1 
Jan. 11 
July 8 
Dec 17 
Dec 31 
June 12 
Dec. 6 
Dec 21 
May 17 
June 2 
Nov. 25 
May 6 
April 11 
Oct. 4 



Time. 



5 

n 

64 

4 

4 
1 
6 
4 

I* 

11 

'I 
I* 

4 

2^ 

4 

63 

8* 
51. 
5- 

9 

Of 
5 
11 



A 
M 
A 
M 
A 
M 
A 
M 
A 
A 
M 
M 
M 
M 
M 
A 
M 
A 
A 
A 
M 
A 
A 
M 
A 
A 
M 
M 
M 
A 
M 
M 
M 
A 
M 
M 
M 
M 
A 






1865 
1866 



O 



1867 



1868 



1869 



1870 



1871 



1872 



1873 



1874 



1875 



1876 



1877 



1878 



D T 
D T 

O 



P 
P 



P 
P 



Months 
and 
Days. 



1> 

D 
O 
Q 

J> 

D 
O 

D T 

D T 
O 

D 

Of 
D 


D 

D P 
D T 


D T 
D P 

© 
D P 

© 


D P 
D P 
]) T 
© 



DT 
}> P 
© 



Oct. 19 
March 16 
March 31 
Sept 24 
Oct. 8 
March 6 
March 20 
Sept 14 
Feb. 23 
Aug. 18 
Jan. 28 
July 23 
Aug. 7 
Jan. 17 
July 12 
Dec. 22 
Jan. 6 
July 18 
July 2 
Dec. 12 
May 22 
June 6 
Nov. 15 
May 12 
May 26 
Nov. 4 
May 1 
Oct 10 
Oct 25 
April 6 
Sept 29 
March 10 
Sept S 
Feb. 27 
Maixh 15 
Aug. 9 
Aug. 23 
Feb. 17 
July 29 



Time. 



6 


A 


10 


A 


5 


M 


2h 


A 


sl 


A 


10 


M 


9 


M 


1 


M 


^ 


A 


H 


M 


i| 


M 


2 


A 


10 


A 


3 


A 


11 


A 


n 


A 

A 


^ 


M 


H 


A 


H 


M 


Hi 


A 


H 


M 


5| 


M 


IL 


M 


n 


M 


*i 


A 


4* 


A 


14 


H 


8 


M 


7 


M 


H 


A 


6J 


H 


H 


A 


7+ 


A 


3 


M 


5 


H 


Hi 


A 


Hi 


M 


9i 


A 



'•■•] 
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Montha | 




l| 




Months 






and 


T 






mad 


Time. 




Days. 










Vmy^ 




8 B P 


Aug. 13 


Oi 


M 


1890 


© June 17 


10 M 


9© 


Jan. 22 


Merid. 





p P| Nov. 26 


2 A 


-O 


July 19 


9 


M 


,1891 


P T May 23 


7 A 


- T> P 


Dec. 28 


4i 


A 


j 


© June 6 


4 A 


0© 


Jan. 11 


U 


A 




D T Nov. 16 


M 


- B T 


June 22 


2 


A 


■1892 


B P May 11 


11 A 


- S T 


Dec 16 


4 


A 





P T Nov. 4 


4 A 


-© 


Dec. 31 


2 


A 


1893 


\ April 16 


3' A 


1© 


May 28 





M 


1894 


D P| March 21 


2 A 


r- D T 


June 12 


'} 


M 




1 April 6 


4-1- M 


- » p 


Dec. 5 


Si 


A 





B P Sept. 15 


4 M 


20 


May 17 


8 


M 





© 1 Sept. 29 


5i M 


-O 


No^. 11 





M 


1895 


J T 


March 1 1 


4 M 


3 H P 


April 22 


Mcriil. 




© 


March 2610 M I 


- J P 


Oct. 16 


"i 


M 





© 


Aug. 20 


0^ A 


,0 


Oct, 31 


Oi 


M 





J T 


Sept. 4 


6 M 


1© 


March 27 


6 


M 


1896 


E P 


Feb. 28 


8 A 


J, T 


April 10 


Merid. 




e 


AuK. 9 


4i M 


B T 


OeL4 


lOi 


A 





D Pj Aug. 23 


7' M 


© 


Oct. 19 


1 


M 


1897 


No visible EcUpae. | 


S » P 


March 30 


5 


A 


1898 


X P 


Jan. 8 


01 M 


i r 


Sept. 24. 


a'. 


M 


— 


Q 


Jon. 22 


8 M 


s© 


Aug. 29 


ij 


A 




B P 


July 3 


n A 


r s p 


Feb. 8 


10 i 


M 





J T 


Dec. 27 


12 A 


- D P 


Aug. 3 


9 


A 


1899 


Qi 


Jan. n 


11 A 


-© 


Aug. 19 


6 


M 





© 


June 8 


7 M 


i S T 


Jan. 28 


1I-' 


A 




I- T 


June 23 


2i A 


11 T 


July 23 


6 


M 





J P 


Dec. 17 


3| A 


B P 


Jan. 17 


5i 


M 


1900 


O 


May 28 


B P 


July 12 


9 


A 




l P 


June 13 


4 M 


3 


Dec, 22 


1 


A 





© 


Nov. 22 


8 M 


B P 


June 23 


6 


M 
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Pboblem LV. 

To find the time of the year when the Sun and Moon mil be 

liable to be eclipsed, 

KuLE 1 . Find the place of the moon's nodes, the time of 
new moon, and the sun's longitude at that time, by an ephe- 
meris, as the Nautical Almanac : then if the sun be within 
1 7 degrees of the moon's node, there will be an eclipse of 
the sun. 

2. Find the place of the moon's nodes, the time of full 
moon, and the sun's longitude at that time, by an ephemeris : 
then, if the sun's longitude be in opposition to that of the 
moon, and the moon's longitude be within 12 degrees of her 
node, there will be an eclipse of the moon. 

OB, WITHOUT THE EPHEMEBIS* 

The mean annual variation of the moon's node, which is 
retrograde, Is IQ*' 19'-7, or more nearly 19° 19' 42''-316, and 
the daily motion 3'' 1 8, the place of the ascending node for 
the 1st of January, 1840, being 339° 36'-4, its place for any 
other time may Uierefore be found. 

For example^ on the Ist of January, 1841, the < *8 ascending node was, 
according to the rule, 320° 16'-7, viz. 339° 36' -4 — 19° 19' -7 ; but be- 
cause 1840 was leap year and consisted of 366 days, S'*18 must be de- 
ducted, for the extra day, from 320° 16'* 7 making 320° 13' -5, the same 
as given in the Nautical Almanac, p. 266. 

On the 1st of Jan. 1845, the >*s ascending node will l>e 839° 36* '4, 
minus 5 times 19° 19' '7, together with twice 3' -IS for leap years, in 1840 
and 1844, making 339° 36'-4 - 96° 44' -9 = 242° 5\''5, the ) *s ascending 
node, the descending node being opposite to it must be 242°5I'*5 — 
180°«62°51'-5. 

The time of new moon may be found as directed at page 
234., and the sun's longitude is the sun's place in the ecliptic* 
The rest may be found as above. 

Examples. 1. On the 31st of May, 1844, there will be 
a full moon, at which time the place of the moon's ascending 
node will be 254° 14', and 'her longitude 250^ or 10° in /, 

♦ The moon*s longitude may be found thus: Multiply 12° 1 1 26" '4 
by the moon's age (see p. 233. ), the product will give the number of 
degrees by which the moon's longitude exceeds that of the sun. 
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and the sun's longitude 7P ; will an eclipse of the moon 
happen at that time ? 

Answer, Here the sun's longitude being in opposition to that of the 
moon's, and the moon's longitude within 12 degrees of the moon's node, 
there will be an eclipse of the moon. — When the moon is in one of her 
nodes at the time of full moon, the sun is in the other node, and the 
earth is directjy between them. 

2. There was a new moon on the 8th of July, 1842, at 
which time the place of the moon's ascending node was 
290*^ 43', and -opposite node 110° 43', her longitude was 
105° 36', and the sun's longitude 106° 55' ; was there an 
eclipse of the sun at that time ? 

3. There was a full moon on the 6th of December, 1843, 
at which time the place of the moon's node was 263° 34', 
and her longitude 74°, the sun's longitude 254° 16'; was 
there an eclipse of the moon at that time ? 

4. On the 24th of November, 1844, there was a full moon, 
at which time the place of the moon's node was 244° 39', 
her opposite node 64° 39', and longitude 62^°, and the sun's 
longitude 242° 22' ; was there an eclipse of the moon on 
that day ? 

5. On the 30th of October, 1845, there was a new moon, 
at which time the place of the moon's ascending node was 
226° 51', her longitude at noon 224° 37', and latitude 0° 11' 
S., and the sun's longitude 217° 57', lat. 0^; was there an 
eclipse of the sun on that day ? 

Problem LVI. 
To explain the phenomenon of the harvest moon* 

Definition 1. The harvest moon, in north latitude, is the 
full moon which happens at, or near, the time of the au- 
tumnal equinox ; for, to the inhabitants of north latitude, 
whenever the moon is in Pisces or Aries (and she is in these 
signs twelves times in a year), there is very little difference 
between her times of rising for several nights together, be- 
cause her orbit is at these times nearly parallel to the horizon. 
This peculiar rising of the moon passes unobserved at all other 
times of the year except in September and October ; for 
there never can be a full moon except the sun be directly 
opposite to the moon ; and as this paTt\ci\x\«tT Tm\i^ ^^S. ^^ 
moon can oflly happen when the moon la m '^ ^SsiR«^ ^^ 
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<Y> Aries, the sun must necessarily be either in nji Virgo or 
^ Libra at that time, and these signs answer to the months 
of September and October. 

Definition 2. The harvest moon, in south latitude, is the 
full moon which happens at, or near, the time of the vernal 
equinox ; for, to tlie inhabitants of south latitude, whenever 
the moon is in rr^ Yirgo or =2« Libra (and she is in these 
signs twelve times in a year), her orbit is nearly parallel to 
the horizon : but when the full moon happens in iJR Virgo 
or ^ Libra, the sun must be either in K Pisces or ^ Aries. 
Hence it appears that the harvest moons are just as regular 
in south latitude as they are in north latitude, only they 
happen at contrary times of the year. 

Rule for performing the problem. — L For north 
latitude. Elevate the north pole to the latitude of the 
place, put a patch or make a mark in the ecliptic on the 
point Aries, and upon every twelve* degrees preceding and 
following that point, till there be ten or eleven marks ; bring 
that mark which is the nearest to Pisces to the eastern edge 
of the horizon, and set the index to 12 ; turn the globe west- 
ward till the other marks successively come to the horizon, 
and observe tiie hours passed over by the index ; the inter- 
vals of time between the marks coming to the horizon will 
show the diurnal difference of time between the moon's rising. 
If these marks be brought to the western edge of the hori- 
zon in the same manner, you will see the diurnal difference 
of time between the moon's setting : for, when there is the 
smallest difference between the times of the moon's risingf, 
there will be the greatest difference between the times of 
her setting ; and, on the contrary, when there is the greatest 
difference between the times of the moon's rising, there will 
be the least difference between the times of her setting. 

Note. As the moon's nodes vary their position and form a complete 
reyoiution in about nineteon years, there will be a regular period c^ all 
the varieties which can happen in the rising and setting of the mocMi 



• The reason why you mark every 12 degrees is, that the moon 
gains 12° IT 2&'A of* the sun in the ecliptic every day (see note, p. 10&)* 

f At London, when the moon rises in the point Aries, the ecliptio at 
that point makes an angle of only 15 degrees with the horizon; hot 
when she sets in the point Aries, it makes an angle of 62 degrees : and, 
when the moon rises in the point Libra, the ecliptic at that point 
makes an angle of 62 de<rrees with the horizon ; but, when she sets ill 
the point Libra, it only makes au angle of 15 degrees with the 
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during that time. Hie following table (extracted from Ferguson's 
Astnmomy) shows in what years the harvest moons are the least and 
most beneficial, with regard to the times of their rising, from 1823 to 
i860. The columns of years under the letter L are those in which the 
harvest moons are least beneficial, because they fall about the descending 
node ; and those under M are the most beneficial, because they fall about 
tbe ascending node. 



L 


L 


L 


L 


M 


M 


M 


M 


1826 


1831 


1845 


1849 


1823 


1837 


1842 


1856 


1827 


1832 


1846 


1850 


1824 


1838 


1843 


1857 


1828 


1833 


1847 


1851 


1825 


1839 


1853 


1858 


1829 


1834 


1848 


1852 


1835 


1840 


1854 


1859 


1830 


1844 






1836 


1841 


1855 


1860 



2. For south latitude. Elevate the south pole to the lati- 
tude of the place, put a patch or make a mark on the 
eeliptic on the point Libra, and upon every twelve degrees 
preceding and following that point, till there be ten or eleven 
marks ; bring that mark which is the nearest to Virgo, to 
the eastern edge of the horizon, and set the index to 12 ; 
turn the globe westward till the other marks successively 
come to the horizon, and observe the hours passed over by 
the index ; the intervals of time between the marks coming 
to the horizon will be the diurnal difference of time be- 
tween the moon's rising, &c. as in the foregoing part of the 
problem.* 

Fboblem LVII. 

The day and hour of an eclipse of any one of the satellites 
cf Jupiter being given, to find upon the globe all those 
places where it wUl be visible. 

Rule. Find the sun's declination for the given day, and 
elevate the pole to that declination ; bring the place at which 
the hour is given to the brass meridian, and set the index 
to the given hour ; and then turn it till the index point to 12 
at noon ; fix the globe in this position : Then, 



* Tliis solution is on a supposition that the moon keeps constantly in 
the eeliptic, which is sufficiently accurate for illustrating the problem. 
Otherwise the latitude and longitude of the moon, or her right ascension 
and de^ination, may be Uken from the Ephemcris, at the time of full 
moon, and a few days preceding and following it ; her place will be then 
truly marked on the globe. 
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1. If Jupiter rise after the sun^y that is, if he be an 
evening star, draw a line along the eastern edge of the 
horizon with a black lead pencil : this line will pass over all 
places on the earth where the sun is setting at the given 
hour ; turn the globe westward on its axis till as many de- 
grees of the equator have passed under the brass meridian 
as are equal to the difference between the sun's and Jupiter's 
right ascension ; keep the globe from revolving on its axis, 
and elevate the pole as many degrees above the horizon as 
are equal to Jupiter's declination, then draw another line 
with a pencil along the eastern edge of the horizon : the 
eclipse will be visible to every place between these lines, 
viz. from the time of the sun's setting to the time of Jupiter's 
setting. 

2. If Jupiter rise before the sun^, that is, if he be a 
morning star, draw a line along the western edge of the 
horizon with a black lead pencil : this line will pass over all 
places of the earth where the sun is rising at the given hour; 
turn the globe eastward on its axis till as many degrees of 
the equator have passed under the brass meridian as are 
equal to the difference between the sun's and Jupiter's right 
ascension ; keep the globe from revolving on its axis, and 
elevate the pole as many degrees above the horizon as aw 
equal to Jupiter's declination; then draw another line with a 
pencil along the western edge of the horizon : the eclipse 
will be visible to every place between these lines, viz. fix)m 
the time of Jupiter's rising to the time of the sun's rising. 

Examples. 1. On the 27th of August, 1845, there will 
be an immersion of the first satellite of Jupiter at 21 m. 
18 sec. past eleven o'clock in the evening at Greenwich; 
where will it be visible ? Jupiter's nght ascension at that 
time will be 2 hrs. 35 m., and longitude 41° 10', and his de** 
clination 13° 48" N., the sun's right ascension 10 hrs. 24 m., 
and longitude 152° 5'. 

Answer, In this example, the longitude of the sun exceeds the longi- 
tude of Jupiter, therefore Jupiter will be to the west of the sun and be 



* Jupiter rises and sets after the sun, and is an evening star unless too 
near the sun, when he is to the east of the sun ; his longitude at that 
time being generally greater than the sun's longitude. 

t Jupiter rises before the sun, and is a morning star when he is nest 
•f the sun ; his longitude at that time being generally less than th^ sun's 
longitude. 
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monuDg star, but will tflso, owing to his position, be seen late in the 
vening. 

If Jupiter*s longitude in the ecliptic be brought to the brass meridian, 
is place will stand under the degree of his declination* ; and his right 
icenaion will be found on the equator, reckoning from Aries. This 
slipse will be visible at Greenwich to the whole of Europe, the greater 
art of Africa, Madagascar, Persia, Hindostan, &c. 

2. On the 21st of September, 1843, at 44 min. past eight 
'dock in the evening, at Greenwich, there was an emersion 
f the first satellite of Jupiter ; where was the eclipse vi- 
ible ? Jupiter's right ascension was 21 h. 25 m. at that 
ime, and longitude about 10 signs 19° 1(/, and his decli- 
lation 16° 23' south. 

3. On the 18th of November, 1844, at 14 m. 25 sec. past 
even o'clock in the evening, at Greenwich, there was an 
mersion of the first satellite of Jupiter; where was it 
iflible? Jupiter's right ascension at that time was 23 h. 
1 m., and longitude about 11 signs 25° 11', and his decli- 
Ation 3'' 41' south. 

4. On the 3l8t of December, 1845, at 28 m. 55 sec. past 
ire o'clock in the evening, at Greenwich, there was an 
mersion of the first satellite of Jupiter ; where was it vi- 
tble ? Jupiter's right ascension at that time was 1 h. 57 m., 
nd longitude sign 29° 8', and his declination 10° 40^ 
oath. 

Problem LVIIL 

Vo place the terrestrial globe in the sunshine, so that it may 
represent the natural position of the earth. 

Bulb. If you have a meridian linef drawn upon a hori- 
ontal plane, set the north and south points of the wooden 
.orizon of the globe directly over this line ; or, place the 
lobe directly north and south by the mariner's compass, 

* This is on the supposition that Jupiter moyes in the ecliptic, and as 
e deviates but little therefrom, the solution by this method will be suffi- 
iently accurate. To know if an eclipse of any one of the satellites of 
upiter will be visible at any place, we are directed by the Nautical 
ilmanac to ** find whether Jupiter be 8° above the horizon of the place, 
ad the sun as much below it.'* 

f As a meridian line is useful for fixing a horizontal dial, and for 
lacing a globe directly north and south, &c., the different methods of 
rawing a line of this kind will precede the problems on dialling. 
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taking care to allow for the variation ; bring the |dace in 
which jou are situated to the brass meridian, and elevate the 
pole to its latitude ; then the globe will correspond in every 
respect with the situation of the earth itself. The poles^ 
meridians, parallel circles, tropics, and all the circles on the 
globe, will correspond with the same imaginary circles in 
the heavens ; and each point, kii^dom, and state, will be 
tamed towards the real one, which it representa. 

While the son shines on the globe, one hemisphere will be 
enlightened, and the other will be in the shiMie : thns^ at 
one view, maj be seen all places on the earth which haye 
daj, and those which have night* 

K a needle be placed perpendicularly in the middle of the 
enlightened hemisphere, (which must of course be upon the 
parallel of the sun's declination for the given day,) it will 
cast no shadow, which shows that the sun is vertical at thit 
point ; and if a line be drawn through this point from pole 
to pole, it will be the meridian of the place where the sun is 
vertical, and every place upon this line will have noon at 
tliat time ; all places to the west of this line will have morn- 
ing, and all places to the east of it afternoon. Those inha- 
bitants who are situated on the circle which is the boundary 
between light and shade, to the westward of the meridian 
where the sun is vertical, will see the sun rising ; those in 
the same circle to the eastward of this meridian will see the 
sun setting. Those inhabitants towards the north of the 
circle, which is the boundary between light and shade, will 
perceive the sun to the southward of them, in the horiaon i 
and those who are in the same circle towards the south, will 
see the sun in a similar manner to the north of them. 

If the sun shine beyond the north pole at the given time, 
his declination is as many degrees north as he shines over 
the pole ; and all places at that distance from the pole will 
have constant day, till the sun's declination decreases, and 
those at the same distance from the south pole will have 
constant night. 

If the sun do not shine so far as the north pole at the 
given time, his declination is as many degrees south as the 

* For this part of the problem it would be more conrenient if the 
globe could be properly supported without the frame of it, because the 
shadow of its stand, and that of its horizon, will darken sereral parts of 
the surface of the globe, which would otherwise be enlightened. 
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enlightened part is distant from the pole ; and all places 
within the shade, near the pole, will have constant night, till 
the sun's declination increases northward. While the globe 
remains steady in the position it was first placed when the 
sun is westward of the meridian, you may perceive on the 
east side of it, in what manner the sun gradually departs from 
place to place as the night approaches ; and when the sun is 
eastward of the meridian, you may perceive on the western 
side of it, in what manner the sun advances from place to 
place as the day approaches. 



Problem LIX. 

The latitude of a place being given, to find the hour of the 
day at any time when the sun shines. 

Rule 1. Place the north and south points of the horizon 
of the globe directly north and south upon a horizontal 
plane, by a meridian line, or by a mariner's compass, allow- 
ing for the variation, and elevate the pole to the latitude of 
the place ; then, if the place be in north latitude, and the 
sun's declination be north, the sun will shine over the north 
pole ; and if a long pin be fixed perpendicularly in the direc- 
tion of the axis of the earth, and in the centre of the hour 
circle, its shadow will fall upon the hour of the day, the 
figure XII of the hour circle being first set to the brass 
meridian. If the place be in north latitude, and the sun's 
declination be above ten degrees south, the sun will not 
shine upon the hour circle at the north pole. 

Rule 2. Place the globe due north and south upon a 
horizontal plane, as before, and elevate the pole to the lati- 
tude of the place ; find the sun's place in the ecliptic, bring 
it to the brass meridian, and set the index of the hour circle 
to XII ; stick a needle perpendicularly in the sun's place in 
the ecliptic, and turn the globe on its axis till the needle 
casts no shadow; ^n the globe in this position, and the index 
will show the hour before 12 in the morning, or after 12 in 
the afternoon. 

Rule 3. Divide the equator into 24 equal parts from the 
point Aries, on which place the number VI ; and proceed 
westward VII, VIII, IX, X, XI, XII, I, II, III, IV, V, 
VI, which will fall upon the point Libra, VII, VlII^ 1X1^ "K-^ 
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XI, Xn, I, n, ni, IV, V * ; elevate the pole to the latitude, 
place the globe due north and south upon a horizontal 
plane, by a meridian line, or a good mariner's compass^ 
allowing for the variation, and bring the point Aries to 
the brass meridian; then observe the circle which is the 
boundary between light and darkness westward of the brass 
meridian ; and it will intersect the equator in the given hour 
in the morning ; but, if the same circle be eastward of the 
brass meridian, it will intersect the equator in the given 
hour in the afternoon. 

Or, Having placed the globe upon a true horizontal plane, 
set it due north and south by a meridian line ; elevate the 
pole to the latitude, and bring the point Aries to the brass 
meridian, as before ; then tie a small string, with a noose, 
round the elevated pole, stretch its other end beyond the 
globe, and move it so that the shadow of the string may fall 
upon the depressed axis ; at that instant its shadow upon 
the equator will give the hour, f 

Problem LX. 

To find the surHs altitude^ by placing the globe in the sun- 
shine. 

Rule. Place the globe upon a truly horizontal plane, 
stick a needle perpendicularly over the north pohi J, in the 
direction of the axis of the globe, and turn the pole towards 
the sun, so that the shadow of the needle may fall upon the 
middle of the brass meridianj then elevate or depress the 
pole till the needle casts no shadow ; for then it will point 
directly to the sun; the elevation of the pole above the 
horizon will be the sun's altitude. . 

* On Adams* globes the antarctic circle is thus divided, by vluch the 
problem may be solved. 

f The learner must remember that the time shown in this problem is 
solar time, as shown by a sun-dial ; and, therefore, to agree with a good 
clock or watch, it must be corrected by a table of equation of time. See 
a table of this kind among the succeeding problems. 

X It would be an improvement on the globes were our instrument- 
makers to drill a very small hole in the brass meridian over the north 
pole. 
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Problem LXI. 

To find the surCs declination^ his place in the ecliptic, and 
his azimuth, hy placing the globe in the sunshine. 

Rule. Place the globe ifpon a truly horizontal plane, in 
a north and south direction by a meridian line, and elevate 
the pole to the latitude of the place ; then, if the sun shine 
beyond the north pole, his declination is as many degrees 
north as he shines over the pole ; if the sun do not shine 
so far as the north pole, his declination is as many degrees 
south as the enlightened part is distant from the pole. The 
sun's declination being found, his place may be, determined 
by Prob. XX. 

Stick a needle in the parallel of the sun's declination for 
the given day*, and turn the globe on its axis till the needle 
casts no shadow : fix the globe in this position, and screw 
the quadrant of altitude over the latitude ; bring the gradu- 
ated edge of the quadrant to coincide with the sun's place, or 
the point where the needle is fixed, and the degree on the 
horizon will show the azimuth. 

Problem LXIL 

To draw a meridian line\ upon a horizontal plane, and to 
determine the four cardinal points of the horizon. 

Rule. Describe several circles from the centre of the 
horizontal plane, in which centre fix a straight wire perpen- 
dicular to the plane ; mark in the morning where the end of 
the shadow touches one of the circles ; in the afternoon mark 
where the end of the shadow touches the same circle ; divide 

* On Adams* globes the torrid zone is divided into degrees by dotted 
■lines, so that the parallel of the sun^s declination is instantly found ; in 
using other globes, observe the declination on the brass meridian, and 
stick a needle perpendicularly in the globe under that degree. 

t The method here given of drawing a meridian line, evidently sup- 
poses that the sun's declination does not change, during the interval, 
between the observations. As, however, the sun's declination undergoes 
a perceptible change in the space of four or six hours at certain times of 
the year, (about the 'equinoxes, for instance,) it will be proper, in order 
to avoid, as much as possible, any inaccuracy from this cause, to make 
the observations about the time of the summer solstice, at which season 
of the year the sun obnngps bis declination so slowly as to cr^te no error 
worth regarding. 



334 PROBLEMS PERFOBMED BT [PART HI. 

the arc of the circle contained between these two points into 
two equal parts ; a line drawn from the point of division to 
the centre of the plane will be a true meridian, or north and 
south line ; and if this line be bisected by a perpendicular, 
that perpendicular will be an east and west line ; thus joa ' 
will have the four cardinal points ; but, to be verj exact, the 
plane must be truly horizontal, the wire must be exactly 
perpendicular to the plane, and the extremity of its. shadow 
must be compared, not only upon one of the circles, as above 
described, but upon several of them. 

Problem LXIIL 

To make a horizontal dial for any latitude. 

' Definitions and Observations. — Dialling, or the art 
of constructing dials, is founded entirely on astronomy ; and, 
as the art of measuring time is of the greatest importance, so 
the art of dialling was formerly held in the highest esteem, 
and the study of it was cultivated by all persons who hud 
any pretensions to science. Since the invention of clocks 
and walches, dialling has not been so much attended to, 
though it will never be entirely neglected ; for, as clocks and 
watches are liable to stop and g6 wrong, that unerring iih* 
strument, a true sun-dial, is used to correct and to regulate 
them. 

Suppose the globe of the earth to be transparent (as re- 
presented by Fig. 4. in Plate 11.), with the hour circles, <rf 
meridians, &c. drawn upon it, and that it revolves round a 
real axis n s, which is opaque and casts a shadow ; it is en* 
dent that, whenever the edge of the plane of any hour circle 
or meridian points exactly to the sun, the shadow of the axis 
will fall upon the opposite hour circle or meridian. Now, if 
we imagine any opaque plane to pass through the centre of 
this transparent globe, the shadow of half the axis ne will 
always faU upon one side or other of this intersecting plane. 

Let ABCD represent the plane of the horizon of Loikkmi 
B N the elevation of the pole or latitude of the place ; so long 
as the sun is above the horizon, the shadow of the upper 
half NE of the axis will fall somewhere upon the upper side 
of the plane abcd. When the edge of the plane of any 
hour circle, as f, g, h, i, k, l, m, o, points directly to the son, 
the shadow of the axis, which axis is coincident with 
tluB plane, marks the respective hour line upon the plane of 
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the horizon abcd: the hour line upon the horizontal plane 
is, therefore, a line drawn from the centre of it, to that point 
where this plane intersects the meridian opposite to that on 
which the sun shines. Thus, when the sun is upon f, the 
meridian of London, the shadow of ne the axis will fall 
upon E, XII. By the same method the rest of the hour lines 
are found by drawing for every hour a line from the centre 
of the horizontal plane to that meridian, which is diametri- 
cally opposite to the meridian pointins: exactly to the sun. 
If, "when the hour circles are thus found, all the lines be 
ti^en away except the semi-axis ne, what remains will be a 
horizontal dial for the given place. From what has been 
premised, the following observations naturally arise : — 

1. The gnomon of every sun-dial must always be parallel 
to the axis of the earth, and must point directly to the two 
poles of the world. 

2. As the whole earth is but a point when compared with 
the heavens, therefore, if a small sphere of glass be placed 
on any part of the earth's surface, so that its axis be parallel 
to the axis of the earth, and the sphere have such lines upon 
it, and such a plane within it as above described ; it will 
show the hour of the day as truly as if it were placed at the 
centre of the earth, and the body of the earth were as trans- 
parent as glass. 

3. In every horizontal dial the angle which the style, or 
gnomon, makes with the horizontal plane, must always be 
equal to the latitude of the place for which the dial is made. 

Rule for performing the problem. — Elevate the pole 
80 m&ny degrees above the horizon as are equal to the lati- 
tude of the place ; bring the point Aries to the brass meri- 
dian ; then, as globes in general * have meridians drawn 
through every 15 degrees of longitude, eastward and westward 
from the point Aries, observe where these meridians intersect 
the horizon, and note the number of degrees between eack of 
them ; the arcs between the respective hours will be equal 
to these degrees. The dial must be numbered XII at the 
brasa meridian, thence XI, X, IX, VIII, VII, VI, V, IV, 
&c. towards the west, for morning hours ; and^ I, II, HI, 
IV, V, VI, VII, Vin, &c. for evening hours. No more 

* On Gary's larg^ globes the meridians are drawn through every ten 
degrees, an alteration which answers no useful purpose whatever, and is 
in many cases very inconvenient. To solve this problem, by tliese globes* 
meridiaufi niust be drawn through every fiftun degrees with a pencil. 
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hour lines need be drawn than what will answer to the sun's 
continuance above the horizon on the longest daj at the 
given place. The style or gnomon of the dial must be fixed 
in the centre of the dial-plate, and make an angle therewith 
equal to the latitude of the place. The face of the dial may 
be of any shape, as round, elliptical, square, oblong, &c. &c. 
Example. To make an horizontal dial for the latitude of 
London. 

Having elevated the pole 51 ^ deg. above the horizon, and brought the 
point Aries to the brass meridian, you will find the meridians on the 
eastern part of the horizon, reckoning from 12, to be 11° 50^, 24°20'i 
38° 3', 53° 35', 71° 6', and 90°, for the hours I, II, III, IV, V, and VI; 
or, if you count from the east towards the south, they will be 0°, 18° 54', 
36° 25', 51° 57', 65^ 40', and 78° IC, for the hours VI, V, IV, III, 11, 
I, reckoning from VI o'clock backward to XII. There is no occasion 
to give the distances farther than VI, because the distances from XII to 
VI in the forenoon are exactly the same as from XII to VI in the after- 
noon ; and hour lines continued through the centre of the dial are the 
hours on the opposite parts thereof. 

The following table, calculated by spherical trigonometry, contains not 
only the hour arcs, but the halves and quarters from XII to VI : — 



Hours. 



Hour Angles. 



0° C 

3 45 

7 SO 

11 15 

15 

18 45 

22 30 

26 15 

so 

33 45 

37 30 

41 15 

45 



Hour Arcs. 


Hours. 


0° 0' 


sj 


2 56 


3, 


5 52 


8 51 


IV 


11 50 


4J 


14 52 


^ 


17 57 


4i 


21 6 


V 


24 20 


4 


27 36 


31 


Si 


34 28 


VI 


38 3 





Hour Angles. 



Hour Ares. 



48° 45' 

52 30 

56 15 

60 

63 45 

67 30 

71 15 

75 O 

78 45 

82 30 

86 15 

90 



41® 45' 

45 34 

49 30 

53 35 

57 47 

62 6 

66 S3 

71 6 

75 45 

80 25 

85 13 

90 O 



The calculation of the hour arcs by spherical trigonometry is extremdy 
easy ; for while the globe remains in the position ^bove described, it will 
be seen that a right angled spherical triangle is formed, the perpendicular 
pf which is the latitude, its base the hour are, and its vertip^ angle the 
hour angle. Hence, 

Radius, sine of 90° 

Is to sine of the latitude ; 

As tangent of the hour angle. 

Is to the tangent of the hour arc on the borizon. 
It may be observed here, that if a horizontal dial, which shows the 
hour by the top of the perpendicular gnomon, be made fop a place vfk the 
torrid zone, whenever liie sun's declination exceeds the latitude of the 
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place, the shadow of the gnomon will go back twice in the day, once in 
the forenoon and once in the afternoon ; and the greater the difference 
between the latitude and the sun*s declination is, the farther the shadow 
will go back. In the S8th chapter of Isaiah, Hezekiah is promised that 
his life shall be prolonged 15 years, and as a sign of this, he is also pro- 
mised that the shadow of the sun-dial of Ahaz shall go back, ten degrees. 
This was truly, as it was then considered, a miracle ; for, as Jerusalem, the 
place where the dial of Ahaz was erected, was out of the torrid zone, the 
shadow could not possibly go back from any natural cause. 

Problem LXIV. ^ 

To make a vertical dial facing the south, in north latitude. 

Definitions and Observations. — The horizontal dial, 
as described in the preceding problem, was supposed to be 
placed upTon a pedestal, and as the sun always shines upon 
such a dial when he is above the horizon, provided no objects 
intervene, it is the most complete of all tdnds of dials. The 
next in utility is the vertical dial, facing the south in north 
latitudes ; that is, a dial standing against the wall of a build- 
ing which exactly faces the south. 

Supposing the globe to be transparent, as in the foregoing 
problem {see Figure 5. Plate II.), with the hour circles or 
meridians f, g, h, i, k, l, m, o, &c. drawn upon it ; A DC b an 
opaque vertical plane perpendicular to the horizon, and 
passing through the centre of the globe. While the globe 
revolves round its axis ns, it is evident that, if the semi-axis 
ES be opaque and cast a shadow, this shadow will always fall 
upon the plane abc, and mark out the hours as in the pre- 
ceding problem. By comparing Fig, 5. with Fig. 4. in 
Fiate II., it will appear that the plane surface of every dial 
whatever is parallel to the horizon of some place or other 
upon the earth, and that the elevation of the style or gnomon 
above the dial's surface, when it faces the south, is always 
equal to the latitude of the place whose horizon is parallel to 
that surface. Thus it appears that sp, which is the co- 
latitude of London, is the latitude of the place whose 
horizon is represented by the plane a dob: for, let the south 
pole of the globe be elevated 38^ degrees above the southern 
point of the horizon, and the point Aries be brought to the 
brass meridian ; then, if the globe be placed upon a table, so 
as to rest on the south point of the wooden horizon, it will 
have exactly the appearance oi Fig. 5. Plate 11. ; the wooden 
horizon will represent the opaque plane adcb, the south 
point will be at b, and the north point at d. under Londaii.^ 
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the east point at c, and the west point at a. Hence we have 
the following 

Rule fob perfobmhtg the problem : — If the place be 
in north latitude, elevate the south pole to the complement 
of that latitude ; bring the point Aries to the brass meridian; 
then supposing meridians to be drawn through every 15® of 
longitude, eastward and westward froioi the point Aries (as is 
generally the case), observe where these meridians intersect 
the horizon, and note the number of degrees between each of 
them ; the arcs between the respective hours will be equal 
to these degrees. The dial must be numbered XH, at the 
brass meridian, thence XI, X, IX, VHi, VII, VI, towards 
the west, for morning hours ; and I, II, III, IV, V, VI, to- 
wards the east, for evening hours. As the sun cannot shiiie 
longer upon such a dial as this than from VI in the morning 
to VI in the evening, the hour lines need not be extended 
any farther. 

Example. To make a vertical dial for the latitude of 
London. 

Elevate the south poleSS^ degrees above the horizon, and bring the point 
Aries to the brass meridian ; then the meridians will interseet the faoriEOiit 
reckoning from the south towards the east, in the following d^rees : •— 
9° 28', 19° 45', 31° 54', 47° 9', 66° 42', and 90^, for the hours I, II, 
III, IV, V, VI : or, if you count from the east towards the south, they 
will be 0°, 23° 18', 42° 51', 58° 6', 70° 15', 80° 32', for the hours VI, 
V, IV, III, II, I, The distances from XII to VI in the forenoon are 
exactly the same as the distances from XII to VI in the afternoon. 

The following table contains not only the hour arcs, but the halves and 
quarters from XII to VI ; it is calculated exactly in the same manner as 
the table in the preceding problem, using the complement of the latitude 
instead of the latitude : — 



Hours. 


Hour Angles. 


Hour Arcs. 


Hours. 


1 — 

Hour Angles. 


Hour Arcs. 


XII 


0° 


C 


0° 


C 


3i 


48° 45 


'35° 22' 


12i 


3 


45 


2 


20 


34 


52 30 


39 3 


m 


7 


30 


4 


41 


8f 


S6 15 


42 58 


12f 


11 


15 


7 


3 


IV 


60 


47 . 9 


I 


15 





9 


28 


4J 


63 45 


51 36 


n 


18 


45 


11 


56 


n 


67 30 


56 20 


u 


22 


30 


14 


27 


43 


71 15 


61 23 


M 


26 


15 


17 


4 


V 


75 


66 43 


II 


30 





19 


45 


Si 


78 45 


72 17 


21 


33 


45 


22 


35 


s\ 


82 30 


78 3 


24 


37 


30 


25 


32 


5i 


86 15 


84 


2J 


41 


15 


28 


38 


VI 


90 


90 


III 


45 





31 


54 
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The student will recollect that the time shown by a sun-dial is not 
the exact time of the day, as sliown by a watch or clock (see Definitions 
55, 56, and 57., page 12.). A good clock measures time equally, but a 
sun-dial (though used for regulating clocks and watches) measures 
time unequally. The following table will show to the nearest minute 
how much a clock should be faster or slower than a sun-dial ; such a 
table should be put upon every horizontal sun-dial : — 





nntet. 


!i 


a 
e 




i 


B *• 


1 

9 
c 


as 


a 


qS 


§ 


qS 


• MM 


cS 


s 


Jan. 1 


4 


April 1 


4Q 


Aug. 9 


^0 


Oct. 27 


16 


3 


5 


4 


^l 


15 


25. 


Nov. 15 


15 


5 

7 
9 


6 

7 
8 


7 
11 
15 


0? 


20 
24 
28 


20 
24 
27 


isf 

12g- 


12 

• 15 

18 


9 

10 Q 
118 


« 




SI 

• 


0.^ 


SO 
Dec. 2 
5 . 


11 gL 
10 § 
9(? 


19 
24 


1 
20 


;Sept. 3 


1 


21 


12^ 


SO 


38* 


6 


2 


7 


8? 


25 


13 g* 


May 13 


4^ 


9 


30 


9 


7§ 


SI 


145 


29 


35- 


12 


48 


11 


^& 


Feb. 10 


15 5. 


June 5 


2S 


15 


5^^ 

on 


13 


5« 


21 


14 g 


10 


ir* 


18 


60- 


16 


40. 


27 


18 1 


15 





21 


7^ 


18 


3 £. 


Mar. 4 
8 


12« 


« 




24 


8™ 


20 
22 


• 




11© 


20 


1 


27 


If 


1 


12 


10 5* 


25 


2Q 

0\ 


30 


10s 


24 





^ 15 
19 


9" 

8 


29 
July 5 


1% 


Oct. 3 

6 


13 a 


« 




26 


IQ 


22 


7 


11 


si 


10 


28 


2*^ 


25 


6 


28 


63 


14 


14-^ 


SO 


si 


28 


5 






19 


15 







Dials may be constructed on all kinds of planes, whether horizontal or 
inclined ; a vertical dial may be made to face the south, or any point of 
the compass ; but the two dials already described are the most useful. 
To acquire a complete knowledge of dialling, the gnomonical projection 
of the sphere, and the principles of spherical trigonometry, must be 
thoroughly understood ; these preliminary branches may be learned from 
Emer»on*3 Gnomonical Projection, and KeitKs Trigonometry. The 
writers on dialling are very numerous : the last and best treatise on the 
subject b EmersotCs, 
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Chapter IL 
Problems performed by the Celestial Globe, 

Problem LXV. 

To find the right ascension and declination of the sun*, or 

a star. 

Rule. Bring the sun's place, or the given star, to the 
brass meridian ; the degree over it is the declination^ and the 
number of degrees on the equinoctial, between the brass me- 
ridian and the point Aries, is the right ^cension. 

Or, Place both ^he poles of the globe in the horizon, 
bring the sun's place or star to the eastern part of the hori- 
zon ; then the number of degrees which the sun's place or 
star is northward or southward of the east will be the de- 
clination north or south ; and the degrees on the equinoctial, 
from Aries to the horizon, will be the right ascension. 

Examples. 1. Required the right ascension and decG- 
tion of a Dubhe in the back of the Great Bear. 

4nswer. Right ascension lOh. 54m. or 163^ 15', declination 62^ 35' N. 

2. Required the right ascensions and declinations of the 
foUowing stars. 
7, Algeniby in Pegasus. 
a, Schedar, in Cassiopea. 
/3, Mirach, in Andromeda. 
a, Achernar, in Eridanus. 
a, Menkar, in Cetus. 
/3, Algol, in Perseus. 
a, Aldebaran, in Taurus, 
a, Capella, in Auriga. 



ft Rigel, in Orion. 
7, BellatriXf in Orion, 
a, BetelgeicXy in Orion. 
a, Canopus, in Argo Navis. 
a, Procyon, in the Little Dog. 
a, Spica, in Virgo, 
a, Arcturus, in Bootes, 
a, Vega, in Lyra. 



* The right ascensions and declinations of the moon and the planets 
must be found from an ephemeris ; because, by their continual change 
of situation, they cannot be placed on the celestial globe, as the stars are 
placed. 
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BLB of the PriDcipol fixed Stars meottoned in the fol- 
ing Problems, showing their Magnitude, Right Asoen- 
I, Declination, and Names, Alphabetically arranged. 





Mw. 


.^ 


^L 


O^..... 


ne, n in CantiT - 


"^ 


~8h 


Om 


^ 


3tfN. 


ae, the brightest of the seven stars 


3 






S3 


35- N. 


aran. the Bull-a eye 








16 


ION. 


imin, in Cepheus's shoulder 


3 




15 


61 


52 N. 


ib, ia Phwus'-i Me 


2 


3 


13 




15 N. 


ib, in FcKaiiu's siile 


2 




4 




15 N. 


in Medusa's bead 


3 


2 


57 




IS N. 


,.ln tbe Gre«t lieaf-stall 




12 






52 N. 










41 


31 N. 


rd, in Hydra's heart 






19 




5S S. 


rat«, in Andromeda's head 










ION. 


labflh, Ibe Pole Star 


S 




4 




30 N. 


a, the Heart of Scorpio - 




16 




26 


3 S. 


rus, in Bootes 


I 


14 


B 




■ 3 N, 


i, the HamV following born 






S8 




40 N. 


, in the Eagle - 




19 


43 




26 N. 


rin, in Orion's left dioulder 










II N. 


iBseb, jj in the Great Bear's tail 








50 


8N. 


;eiLi, in Orion's right shoulder - 




5 


46 




22 N. 


ui, in tlie Ship Argo 


1 




20 




35 S. 


a, in Autigs's shoulder - 


1 


S 






49 N. 


, the Northern Twin - 


2 








14 N. 


aroli, Charles's Heart ■ 


3 


!2 




33 


13 N. 


1, in the Swan's tail 










41 N. 


■ola.!,, the l.i»u's tail . 


2 






15 


SON. 


U the Norlhem Pointer - 




10 


53 


62 


39 N. 


1, -y iti the Dragon's head 


2 


17 


54 




31 N. 


haul, the Fish'smnuth - 




22 


48 




30 a 


IB, a in the Crown 


2 


15 


28 




17 N. 


lb. B in the Utile Bear's shoulder 




14 


51 




50 N. 


lb. a in Pegflsus't. wing . 




22 


56 




19 N. 


jr. In the Whale's jaw . 










26 N. 


C in the Great Bear-a tail 




13 




55 


18 N, 


I. the South Twin 








28 


26 N. 


on. in the Utile Dog 




7 


31 




39 N. 


.Igethi, in Hercules's head 


3 


17 


7 




35 N. 


.Ihague, in Ophiucus's hesd 


3 


17 


28 




41 N. 


Iwn. in the Dragon's head 




17 






31 N. 


.us, in Ibe Uoo's heart . 










47 N. 


in Orion's foot . 




S 






24 a 


I, in the leg of Ffgasgs - 










11 N. 










5S 


37 N. 


, in the Great Dog 










29 S. 


in the Harp 










38 N. 


1 el Genubi. a In the South Scale - 


2 


14 


■W 


u=, 


la ^.^ 



the North ditto- \ ^ \ \l 
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Problem LXVL 

To find the latitude and longitude of a star.* 

EuLE. Place the upper end of the quadrant of altitude 
pn the north or south pole of the ecUptic, according as the 
star' is on the north or south side of the ecliptic, and move 
the other end till the graduated edge of the quadrant comes 
over the star, and the degree of the quadrant over the star 
is the latitude ; and the number of degrees on the ecliptic, 
reckoned eastward from the point Aries to the quadrant, is 
the longitude. 

Or, Elevate the north or south pole 66 J® above the hori- 
zon, according as the given star is on the north or soath 
side of the ecliptic ; bring the pole of the ecliptic to that 
part of the brass meridian which is numbered from the 
equinoctial towards the pole ; then the ecliptic will coincide 
with the horizon ; screw the quadrant of altitude upon the 
brass meridian over the pole of the ecliptic ; keep the globe 
from revolving on its axis, and move the quadrant till its 
graduated edge comes over the given star: the degree on 
the quadrant cut by the star is its latitude ; and the sign 
and degree on the ecliptic cut by the quadrant show its lon- 
gitude. 

Examples. 1. Required the latitude and longitude of 
a Aldeharan in Taurus. 

Answer. Latitude 5° 28' S., longitude 2 signs 6^ 53'; or 6<> 53' in 
Gemini. 

2. Required the latitudes and longitudes of the following 
stars. 



a, Marhahy in Pegasus. 
j9, Scheaty in Pegasus. 
a, Fomalhauty in the S.Fish. 
a, Denehy in Cygnue. 
a, Altair, in the Eagle. 



a, Vega, in Lyra. 

7, JRastaban, in Draco. 

a, Antares, in the Scorpion. 

a, ArcturuSy in Bootes. 

j8, PolluXy in Gemini. 



ft AlbireOy in Cygnus. 11 ft Rigely in Orion. 

* The latitudes and longitudes of the planets must be found from an 
ephemeris. 



CHAP. U.] 



THE CELESTIAL GLOBE. 



343 



Problem LXVIL 

The right ascension and declination of a star^ the moon, a 
planei^ or of a cornet^ being giveUy to find its place on the 
globe. 

Rule. Bring the given time or degree of right ascension 
to the brass meridian ; then under the given declination on 
the brass meridian you will find the star or place of the 
planet. 

Examples. 1. What star has 17 h. 26 m. or 261^ 30' of 
right ascension, and 52^ 25' north declination ? 

Antwer, fi in Draco. 

2. On the 15th June, 1845, the moon's right ascension at 
6 o^clock in the morning was 13 h. 12 m., and her declina- 
tion 10^ 51' S. ; find her place on the globe at that time. 

Antwer, She will be near to the star a Spiea in Virgo. 

What stars have the following right ascensions and de- 
clinations ? The right ascension is given both in time and 
measure. 



Right AscensioDi. 
h. m. 

3. O 51 or 7® 45' 

4. O 46 11 11 

5. 1 45 25 54 

6. 3 S 46 S2 

7. 3 85 53 54 

s. 5 e ne 34 



Dec 


linations. 


BS'^ 


36' N. 


59 


48 N. 


19 


58 N. 


9 


27 S. 


23 


29 N. 


8 


24 & 



Right Ascenrions. 
h. m. 

9. 5 38 or 83° 30' 

10. 5 47 86 13 

11. 6 37 99 33 

12. 7 24 111 7 

13. 7 35 113 54 

14. 8 38 129 32 



Declinations. 

34° IC S. 
44 55 N. 
16 29 S. 
32 15 N. 
28 25 N. 
7 2 N. 



15. On the 3rd of December, 1843, the moon's right as- 
cension at midnight was 2 hrs. 18 min., and her declination 
17** 47' N. ; find her place on the globe. 

16. On the 1st of May, 1844, the declination of Venus 
was 26° 22' N., and her right ascension 5 hrs. 42 min. ; 
find her place on the globe at that time. 

17. On the 19th of July, 1845, the declination of Jupiter 
was 13° N., and his right ascension 2 hrs. 24 min. ; find his 
place on the globe at that time. 



Q 4 
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Problem LXVIII. 

The latitude and longitude of the moon, a star, or a planet, 
given, tojind its place on the globe. 

Rule. Place the division of tlie quadrant of altitude 
marked o, on the given longitude in the ecliptic, and the 
upper end on the pole of the ecliptic ; then under the given 
latitude, on the graduated edge of tl'ie quadrant, you will 
find the star, or place of the moon or planet. 

Examples. 1. What star has sign 6° 16' of longitude, 
and 12° 36' N. latitude ? 

Answer, y in Pegasus. 

2. On the 5th of June, 1845, at midnight, the moon's 
longitude was about 85° 23' or 25° 23' in n, and her lati- 
tude 2° 37' S. ; find her place on the globe. 

What stars have the following latitudes and longitudes ? ' 





Latitudes. 


Longitudes. 


; 


Latitudes. 


Longitudes. 


3. 


12° 35' S. 


1» 11° 25' 


8. 


39° 33' S. 


38 11° 13' 


4. 


5 29 S. 


2 6 53 


1 9. 


10 4 N. 


3 17 21 


5. 


31 8 S. 


2 13 56 


i 10. 


27 N. 


4 26 57 


6. 


22 52 N. 


2 18 57 


i 11- 


44 20 N. 


7 9 22 


7. 


16 3 S. 


2 25 51 


1 12. 


21 6 S. 


11 56 



On the 1st of June, 1845, the longitudes and latitudes of 
the planets were nearly as follow : required their places on 
the globe. 



Longitudes. 


Latitudes. 


Longitudes. 


Latitudes. 


13. 5 1« 18° 


sr s. 


16. U P 0° 


li" s. 


14. ? 2 15 


0^ N. 


17. ^ 10 19^ 


1 s. 


15. e 10 19^ 


3i S. 


18. tf 10 


i s. 



Problem LXIX. 

The day and hour, a?id the latitude of a place being given, 
fjojind what stars are rising, setting, culminating, Sfc, 

Rule. Elevate the pole to the latitude of the place, find 
the sun's place in the ecliptic, bring it to the brass meridian, 
and set the index to 12 ; and then turn the globe till the 
index point to the given hour ; then all the stars on the 
eastern semi-circle of the horizon will be rising, those on the 
western semi -circle will be setting, those under the brass 
meridian above the horizon will be culminating, those above 
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the horizon will be visible at the given time and place, those 
below will be invisible. 

If the globe be turned oh its axis from east to west, those 
stars which do not go below the horizon never set at the 
given place ; and those which do not come above the horizon 
never rise ; or, if the given latitude be subtracted from 90°, 
and circles be described on the globe parallel to the equinoc- 
tial, at a distance from it equal to the degrees in the remainder, 
thej will be the circles of -perpetual apparition and occult- 
ation. 

Examples. 1. On the 9th of February, when it is nine 
o'clock in the evening at London, what stars .are rising, what 
stars are setting, and what stars are on the meridian ? 

Answer. Alphecca, in the northern Crown, is rising ; Arcturus and 
Mirach, in Bootes, just above the horizon ; Sirius on the meridian ; 
Procyon and Castor and Pollux a little east of the meridian. The con- 
stellations Orion, Taurus, and Auriga, a little west (^ the meridian ;. 
Markab, in Pegasus, just below the western edge of the horizon, &c. 

2. On the 20th of January, at two o'clock in the morning 
at London, what stars are rising, what stars are setting, and 
what stars are on the meridian ? 

Answer, Vega in Lyra, the head of the Serpent, Spica Yirginis, &c. 
are rising ; the head of the Great Bear, the claws of Cancer, &c. on the 
meridian ; the head of Andromeda, the neck of Cetus, and the body of 
Columba Noachi, &c. are setting. 

-3. At ten o'clock in the evening at Edinburgh, on the 
15th of November, what stars are rising, what stars are 
setting, and what stars are on the meridian ? 

4. What stars do not set in the latitude of London, and at 
what distance from the equinoctial is the circle of perpetual 
apparition ? 

5. What stars do not rise to the inhabitants of Edinburgh, 
and at what distance from the equinoctial is the circle of 
perpetual occultation ? 

6. What stars never rise at Otaheite, and what stars never 
set at Jamaica ? 

7. How far must a person travel southward fix)m London 
to lose sight of 'the Great Bear ? 

8. What stars are continually above the horizon at thc^ 
north pole, and what stars are constantly below the horizon 
thereof? 

What stars are rising, setting, and culminating at the 
following places^ at the respective times ? 

Q 5 
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9. London, May 1, 11 p.m. 

10. Glasgow, January 20, 6 p.m. 

11. Naples, August 8, 5 a.m. 

12. Hull, July 30, 10 p.m. 

13. Mexico, November 14, 7 p.m. 

14. Cape of Good Hope, Jatiuary 1, 8 P.M. 

Probli^m LXX. 

The latitude of a place^ day of the month, and hour being 
given, to place the globe in such a manner as to represent 
the heavens at that time ; in order to find out the relative 
situations and names of the constellations and remarkable 
stars. 

Rule. Take the globe out into the open air, on a clear 
starlight night, where the surrounding horizon is uninter- 
rupted by different objects ; elevate the pole to the latitude 
of the place, and set the globe due north and south by a 
meridian line, or by a mariner s compass, taking care to 
make a proper allowance for the variation ; find the sun's 
place in the ecliptic, bring it to the brass meridian, and set 
the index of the hour-circle to 12 ; then turn the globe on 
its axis till the index point to the given hour ; fix the globe 
in this position, then the flat end of a pencil being placed 
on any star on the globe so as to point towards the centre, 
the other end will point to that particular star in the heavens. 

Problem LXXL 

To find when any star, or planet, will rise, come to the 
meridian, and set at any given place. 

Rule. Elevate the pole equal to the latitude of the place; 
find the sun's place in the ecliptic, bring it to the brass 
meridian, and set the index of the hour-circle to 12. Then 
turn the globe till the star* or planet comes to the eastern 
part of the horizon, the index will show the timfe when it 
rises ; and by continuing the motion of the globe westward 
till the star, &c., comes to the meridian, and to the western 
part of the horizon successively, the index will show the 
time of culminating and setting. 

Examples. 1. At what time will Arcturus rise, come 

* The latitude and longitude (or the right ascension and declination 
of the planet) must be uJcen from an ephemeris, ahd its plAce bo the 
glob^ must be determined by Prob. LKVIIL (or LX VII.) 
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to the meridian, and set, at London, on the 7tb of Sep* 
tember ? 

Answer, It wlU rise at a quarter past seven o'clock in the morning, 
come to the meridian at a quarter past three in the afternoon, and set at 
a quarter before eleven o'clock at night. 

2. On the 16th q£ September, 1843, the right ascension 
of Jupiter was 21 hrs. 27 min., and his declination 16^ 15' 
8. ; at what time did he rise, culminate, and set, at Green- 
wich, and whether was he a morning or an evening star ? 

Answer. Jupiter rose at five o'clock in the afternoon, came to the 
meridian at about quarter before ten in the evening, and set at half-past 
two in the morning. Here Jupiter was an evening star, because he both 
rose and set after the sun. 

3. At what time does Sinus rise, set, and come to the 
meridian of London on the 31st of January ? 

4. On the 22nd of November, 1846, the right ascension of 
Venus was 19 hrs. 7 min., and her declination 25° 15' S. ; at 
what time did she rise, culminate, and set at London, and 
whether was she a morning or an evening star ? 

5. At what time does Aldebaran rise, come to the meri- 
dian, and set at Dublin, on the 25th of November ? 

6. On the 10th of November, 1845, the right ascension of 
Mars was 22 hrs. 35 min., and his declination 10° 49' S. ; 
at what time did he rise, set, and come to the meridian of 
Greenwich ? 

At what time will the following stars rise, set, and come 
to the meridian on the respective days? 
7. Vega, May 20, at Paris. 
8.' Bigel,. August 8, at Botany Bay. 
9. Arietis, November 30, at Bath. 

10. Castor, February 20, at Norwich. 

11. Begulus, April 10, at Rome. 

12. Markab, August 8, at Exeter. 

13. Algol, September 7, at Yarmouth. 

14. Procyon, October 11, at Jerusalem. 

Phoblem LXXII. 

To find the amplitude of any star, its oblique ascension and 
descensioHy and its diurnal arc for any given day. 

Rule. Elevate the pole to the latitude of the place, and 
bring the given star to the eastern part of the horizon ; then 
the number of degrees between the star 'and the eQ&^\:^ 

<i 6 
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point of the horizon will he its rising amplitude ; and the 
degree of the equinoctial cut by the horizon will be the 
oblique ascension ; set the index of the hour-circle to 12, 
and turn the globe westward till the given star comes to the 
western edge of the horizon : the hours passed over by the 
index will be the star's diurnal arc, or continuance above 
the horizon. The setting amplitude will be the number of 
degrees between the star and the western point of the hori- 
zon, and the oblique descension will be represented by that 
degree of the equinoctial which is intersected by the horizon, 
reckoning from the point Aries. , 

Examples. 1. Required the rising and settling amplitude 
of Sirius, its oblique ascension, oblique descension, and 
diurnal arc, at London ? 

Answer. The rising amplitude is 27^ to the south of the east ; setting 
amplitude 27^ south of the west; oblique ascension 120^; oblique 
descension 77^ ; and diurnal arc 9 hours 6 minutes. 

2. Required the rising and setting amplitude of AWe- 
baran, its oblique ascension, oblique descension, and diurnal 
arc at London ? 

3. Required the rising and setting amplitude of Arcturus, 
its oblique ascension, oblique descension, and diurnal arc at 
London ? 

4. Required the rising and setting amplitude of y Bella- 
trix, its oblique ascension, oblique descensiouj and diurnal 
arc, at London ? 

Required the amplitude, oblique ascension, and descension, 
and time of continuance above the horizon, of the following 
stars at the respective places ? 

5. Pollux, at Bristol. 9. Betelgeux, at Edinburgh. 

6. Gemma, at Damascus. 10. Menkar, at Quito. 

7. An tares, at Glasgow. 11. /3 in Taurus, at Paris. 

8. Vega, at Algiers. 12. Capella, at London. 

Pkoblem LXXni. 

The latitude of a place giveuy to find the time of the year 
at which any known star rises or sets acronically, that 
is, when it rises or sets at sun-setting* 

Rule. Elevate the pole to the latitude of the place, 
bring the given star to the eastern edge of the horizon, and 
observe what degree of 'the ecliptic is intersected by the 
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western edge of the horizon, the day of the month answer- 
ing to that degree will show the time when the star rises at 
siin-set. Turn the globe westward on its axis till the star 
comes to the western edge of the horizon, and observe what 
degree of the ecliptic is intersected by the horizon as before ; 
the day of the month answering to that degree will show 
the time when the star sets with the sun. 

Examples. — 1. At what time does Arcturus rise acroni- 
cally at Ascra* in Boeotia, the birth-place of Hesiod; the 
latitude of Ascra, according to Ptolemy, being 37° 45' N. ? 

Answer, When Arcturus is at the eastern part of the horizon, the 
eleventh degree of Aries will be at the western part answering to the 
1st of Aprilf, the time when Arcturus rises acronically ; and it will set 
acronically on the SOth of November. 

2. At what time of the year does Aldebaran rise acroni- 
cally at Athens^in 38*^ N. latitude ; and at what time of the 
year does it set acronically ? 

3. On what day of the year does y in the extremity of the 
wing of Pegasus rise acronically at London ; and on what 
day of the year does it set acronically ? 

4. On what day of the year does e in the right foot of 
Lepus rise acronically at London ; and on what day of the 
year does it set acronically ? 

On what days do the following stars rise and set acroni- 
cally, at the respective places ? 

5. /3 in Auriga, at Jamaica. 8. Arietes, at Glasgow. 

6. fi in Cetus, at Cadiz. 9. The Pleiades, at Moscow. 

7. AJgenib, at Florence. 10. Vega, at Cairo. 

* See page 16. 

t Hence Arcturus now rises acronically in latitude 37° 45' N. about 
100 days after the winter solstice. Hesiod* in his Opera ^ Dies, lib. ii. 
verse 185. says : — 

When from the solstice sixty wintry days 

Their turns have finished, mark, with glittering rays. 

From Ocean's sacred flood ArciuruB rise, 

Then first to gild the dusky evening skies. 
Here is a difference of 40 days in the acronical rising of this star (sup- 
posing Hesiod to be correct), between the time of Hesiod and the pre- 
sent time ; and as a day answers to about 59' of the ecliptic (see the 
note page 15.), 40 days will answer to 39°; consequently, the winter 
solstice in the time of Hesiod was in the 9th deg. of Aquarius. Now, 
the recession of the equinoxes is about 50^' in a year ; hence 50i" : 1 
year : : 39° : 2794 years since the time of Hesiod ; so that he lived 952 
years before Christ, by this mode of reckoning. Lempriere, in his 
Classical Dictionary, says Hesiod lived 907 years before Christ. ' 
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Problem LXXTV. 

The latitude of a place given, to find the time of the year at 
which any known star rises or sets cosmicallt, that is, 
when it rises or sets at sun-'rising. 

Rule. Elevate the pole to the latitude of the place, 
bring the given star to the eastern edge of the horizon, and 
observe what sign and degree of the ecliptic are intersected 
by the horizon ; l^e month and day of the month, answer- 
ing to that sign and degree, will show the time when the 
star rises with the sun. Turn the globe westward on its 
axis till the star comes to the western edge of the horizon, 
and observe what sign and d^ree of the ecliptic are inter- 
sected by the eastern edge, as before ; these will point out 
on the horizon the time when the star sets at sun-rising. 

Examples. 1. At what time of the year do the Pleiades 

set cosmically at Miletus in Ionia, the birth-place of Thales ; 

and at what time of the year do they rise cosmically ; the 

latitude of Miletus, according to Ptolemy, being 37® N. ? 

Annoer. The Pleiades rise with the sun on the 1 1th of May, and they 
set at the time of sun-rising on the 23rd of Noyember.* 

2. At what time of the year does Sirius rise with the sun 
at London ; and at what time of the year will Sirius set 
when the sun rises ? 

3. At what time of the year does Menkar, in the jaw of 

* Pliny says (Nat. Hist lib. xviii. cap. 25.)) that Thales determined 
^ the cosmical setting of the Pleiades to be 25 days after the autumnal 
equinox. Supposing this observation to be made at Miletus, there will 
be a difference of 35 days in the cosmical setting of this star since the 
time of Thales ; and, as a day answers to about 59^ of the ecliptic, these 
days will make about 34^ 25' ; consequently, in the time of Thales, the 
autumnal equinoctial colure passed through 4^ 25" of Scorpio ; and, as 
before, 50^' : 1 year::34<' 25' : 2465 years since the time of Thales, so 
that Thales lived (2465-1844) 621 years before the birth of Christ 
According to Sir I. Newton's Chronology, Thales flourished 596 years 
before Christ. Thales was well skilled in geometry, astronomy, and 
philosophy ; he measured the heig^^t and extent of the Pyramids of 
Egypt, was the first who calculated with accuracy a solar eclipse ; he dis- 
covered the solstices and equinoxes, divided the heavens into five Mmes, 
and reconunended the division of the year into 365 days. Miletus was 
situated in Asia Minor, south of Ephesus, and south east of the island 
of Samos. 
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Cetus, rise ynih. the sun, and at what time does it set at 
sun-rising at London ? 

4. At what time of the year does Procyon, in the Little 
Dog, set when the sun rises at London, and at what time of 
the year does it rise with the sun ? 

At what time of the year do the following stars rise with 
the sun and set at sun-rising at the respective places ? 

5. Atair, in Aquila, at London. 

6. a Ras Algethi, in Hercules, at Rome.. 

7. Capella, in Auriga, at Tunis. 

8. Algenib, in Perseus, at Bayonne. 

9. Deneb, in Cygnus, at Washington. 

10. Antares, in Scorpio, at Moscow. - 



Pkoblem LXXV. 
To find the time of the year when any given star rises or 

sets HELIACALLY.* 

Rule. The heliacal rising and setting of the stars will 
vary according to their different degrees of magnitude and 
brilliancy ; for it is evident that the brighter a star is when 
above tlie horizon, the less the sun will be depressed below 
the horizon when that star first becomes visible. According 
to Ptolemy, stars of the^r^^ magnitude are seen rising and 
setting when the sun is 12° below the horizon ; stars of the 
second magnitude require the sun's depression to be 13*^; 
stars of the third magnitude 14°, and so on, reckoning 1° 
for each magnitude. This being premised : 

To SOLVE THE PROBLEM. Elevate the pole so many 
degrees above the horizon as are equal to the latitude of the 
place, and screw the quadrant of altitude on the brass meri- 
dian over that latitude ; bring the given star to the eastern 
edge of the horizon, and move the quadrant of altitude till 
it intercepts the ecliptic 12° below the horizon, if the star 
be of the first magnitude ; 13°, if the star be of the second 
magnitude ; 14°, if it be of the third magnitude, &c. : the 
point of the ecliptic, cut by the quadrant, will show the day 
of the month, on the horizon, when the star rises heliacally. 
Bring the given star to the western edge of the horizon, and 

* See Definition 90. p. 23. 
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move the quadrant of altitude till it intersects the ecliptic 
below the western edge of the horizon, in a similar man- 
ner as before ; the point of the ecliptic cut by the quad- 
rant will show the day of the month, on the horizon, when 
the star sets heliacally. 

Examples. 1. At what time does j3 Tauri, or the bright 
star in the Bull's Horn, of the second magnitude, rise and 
set heliacally at Rome ? 

Answer. The quadrant will intercept the 3rd of Cancer 1 3^ below the 
eastern horizon, answering to the 24th June ; and the 7th of Gemini 13° 
below the western horizon, answering to the 28th of May. 

2. At what time of the year does Sirius, or the Dog Star, 
rise heliacally at Alexandria in Egypt ; and at what time 
does it set heliacally at the same place ? 

Answer. The latitude of Alexandria is 31^ 13' north ; the quadrant 
will intersect the 12th of Leo, 12° below the eastern horizon, answering 
to the 4th of August* ; and the 2nd of Gemini, 12° below the i^estem 
horizon, answering to the 23 rd of May. 



* The ancients reckoned the beginning of the Dog Days from the 
heliacal rising of Sirius, and their continuance to be about 40 days. 
Hesiod informs us that the hottest season of the year {Dog Dags) ended 
about 50 days after the summer solstice. We have determined in the 
note of Elample 1. Frob. LXXIII. (though perhaps not very ac- 
curately), that the winter solstice, in the time of Hesiod, was in the 9th 
degree of Aquarius ; consequently, the summer solstice was in the 9th 
degree of Leo : now, it appears from above, that Sirius rises heliacally 
at Alexandria when the sun is in the 12th degree of Leo; and, as a 
degree nearly answers to a day, Sirius rose heliacally in the time of 
Hesiod about four days after the sununer solstice ; and if the Dog Days 
continued 40 days, they ended about 44 days after the summer solstice. 
The Dog Days in our almanacks begin on the 3rd of July, which is 12 
days after the summer solstice, and end on the 11th of August, which is 
SI days after the summer solstic^, and their continuance is' 39 days. 
Hence it is plain that the Dog Days of the moderns have no reference 
whatever to the rising of Sirius, for this star rises heliacally at London 
on the 25th of August and, as well as the rest of the stars, varies in its 
rising and setting according to the variation of the latitudes of places, 
and therefore it could have no influence whatever on the temperature of 
the atmosphere ; yet, as the Dog Star rose heliacally at the commence- 
ment of the hottest season in Egypt, Greece, &c. in the earlier ages of 
the world, it was very natural for the ancients to imagine that the heat, 
&c. was the effect of this star. A few years ago, the Dog Days in our 
almanacks began at the Cosmical rising of Procyon, viz. on the .30th of 
July, and continued to the 7th of September ; but they are now, very 
properly, altered, and made not to depend on the variable rising of any 
particular star, but on the summer solstice. 
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3. At what time of the year does Arcturus rise heliacally 
at Jerusalem, and at what time does it set heliacally ? 

4. At what time of the year does Cor Hydras rise and set 
heliacally at London ? 

5. At what time of the year does Procyon rise ^nd set 
heliacally at London ? 

6. If the precession of the equinoxes be 50^ seconds in 
a year, how many years will elapse, from 1845, before Sirius, 
the Dog Star, will rise heliacally at Christmas, at Cairo in 
Egypt?* When this period happens, Sirius will perhaps 
no longer be accused of bringing sultry weather. 



Problem LXXVL 

The latitude of a place and day of the month being given, 
to find all those stars that rise and set acronically, cos- 

MICALLY, and HELIACALLY.t 

Rule. Elevate the pole so many degrees above the hori- 
zon as are equal to the latitude of the given place. Then, 

1. For the acronical rising and setting, find the sun's 
place in the ecliptic, and bring it to the western edge of the 
horizon, and all the stars along the eastern edge of the 
horizon will rise acronically, while those along the western 
edge will set acronically. 

* This question h of too delicate a nature to admit of a correct solu- 
tion by a globe : the answer given to it in the key is, therefore, merely 
an approximation to the truth. 

t This problem is the reverse of the three preceding problems. Their 
principal use is to illustrate several passages in the ancient writers, such 
as Heslod, Virgil, Columella, Ovid, Pliny, &c. (See definition 64., page 
14.) The knowledge of these poetical risings and settings of the stars 
was held in great esteem among the ancients, and was very useful to 
them in adjusting the times set apart for their religious and civil duties, 
and for marking the seasons proper for the several parts of husbandry ; 
for the knowledge which the ancients had of the motions of the hea- 
▼enly bodies was not sufficient to adjust the true length of the year ; 
and, as the returns of the seasons depend upon the approach of the sun 
to the tropical and equinoctial points, so they made use of these risings 
and settings to determine the commencement of the different seasons, the 
time df the overflowing of the Nile, &c. The knowledge which the 
modems have acquired of the motions of the heavenly bodies renders 
such observations as the ancients attended to in a great measure useless, 
and, instead of watching the rising and setting of particular stars for any 
remarkable season, they can sit by the fire-side and consult an almanac. 
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2. For the cosnUctd rising and getting^ bring the sun's 
place to the eastern edge of the horizon, and all the stars 
along that edge of the horizon will rise cosmicallj, while 
those along the western edge will set cosmicallj. 

3. For the heliacal rising and setting, screw the quadrant 
of altitude over the latitude, turn the globe eastward on 
its axis till the sun's place cuts the quadrant 12^ below the 
horizon ; then all stars of the first magnitude, along the 
eastern edge of the horizon, will will riseheliacally ; and, hy 
continuing the motion of the globe eastward till the sun's 
place intersects the quadrant in 13, 14, 15, &c degrees below 
the horizon, you will find all the stars of the second, third, 
fourth, <&c. magnitudes, which rise heliacallj on that day. 
By turning the globe westward on its axis, in a similar 
manner, and bringing the quadrant to the western edge of 
the horizon, you will find all the stars that set heliacally. 

Examples. 1. What stars rise and set cosmically at 
Edinburgh, on the 1 1th of June ? 

Antwer. The bright star Castor, Aldebaran in Taurus, Fomalhaut 
in the southern Fish, &c. rise cosmically ; those stars in the body of Leo 
Minor, the arm of Virgo, the right foot of Bootes, part of the Centaur, 
&c. set cosmically. 

2. What stars rise and set acronically at Drontheimin 
Norway, latitude 63"* 26' N. on the 18th of May? 

Answer, Altair in the Eagle, the head of the Dolphin, &c. rise 
acronically ; and Aldebaran in Taurus, Betelgeux in Orion, &c. set 
acronically. 

3. What star of the first magnitude rises heliacally at 
London, on the 7th of October ? 

4. What star of the first magnitude sets heliacally at 
London, on the 6th of May ? 

5. What stars rise and set acronically at London, on the 
26th of September ? 

6. What stars rise and set cosmically at London^ on the 
23d of March ? 

What stars will rise and set acronically at Edinburgh, on 
the following days ? 

7. December 15. 9. July 4. 11. May 11. 

8. August 8. 10. January 20. 12. February 12. 
What stars will rise and -set cosmically on the following 

days at York ? 

13. December 1. 15. Augusts. 17. February 4, 

14. November 20. 16. Jjmuary 11. 18. March 9. 
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What stars of the first and second magnitude will rise 
heliacailj at London, on : — 

19. August 2. 21. January 1. 23. August 12. 

20. July 12. 22. October 13. 24. September 4. 



Problem LXXVII. 
To illustrate the precession of the equinoxes. 

Observations. All the stars in the different constella- 
tions continually increase in longitude ; consequently either 
the whole starry heavens have a slow motion from west to 
east, or the equinoctial points have a slow motion from east 
to west. In the time of Meton*, the first star in the con- 
stellation Aries, now marked jS, passed through the vernal 
equinoz, whereas it is now upwards of 30*^ f to the eastward 
of it. " 

Illustration. Elevate the north pole 90° above the 
h(»*izon, then will the equinoctial coincide with the horizon ; 
bring the pole:^ of the ecliptic to that part of the brass 
meridian which is numbered from the north pole towards the 
equinoctial, and make a mark upon the brass meridian above 
it; let this mark be considered as the pole of the world, 
let the equinoctial represent the ecliptic, and let the ecliptic 
be considered as the equinoctial ; then count 38^°, the com- 
plement of the latitude of London, from this pole up- 
wards, and mark where the reckoning ends, which will be 
at 75^, on the brass meridian, &om the southern point of 
the horizon ; this mark will stand over the latitude of 
London. 

Now turn the globe gently on its axis from east to west, 

* Meton was a famous mathematician of Athens, who flourished about 
1 430 years before Christ. In a book called Enneadecaterides or cycle of 
19 years, he endeavoured to adjust the course of the sun and of the 
moon : and attempted to show that the solar and lunar years would 
regularly b^n from the same point in the hetfvens. 

f If the precession of the equinoxes be 50^'* 1 in a year, and if the 
equinoctial colure passed through $ Arietis 430 years before Christ, the 
longitude of this ster ought in 1844 to be 31^ 38' 47''; for 1 year : 
50fn ::2274 years (=430+ 1844) : Si*' 38' 47'', and this longitude is 
Hot far from the truth. 

I The pole of the eeliptie is that point on the globe» in the arctio 
circle, where the circular lines meet. 
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and the equinoctial points will move the same way, while, at 
the same time, the pole of the world * will describe a circle 
round the pole of the ecliptic f of 46° 56' in diameter ; this 
circle will be completed in a Platonic year J, consisting of 
25,868 years, at the rate of 50*1 seconds in a year, and the 
pole of the heavens will vary its situation a small matter 
every year. When 12,934^ years, being half the Platonic 
year, are completed, (which may be known by turning the 
globe half round, or till the point Aries coincides with the 
eastern point of the horizon,) that point of the heavens 
which is now 8^° south of the zenith of London will be the 
north pole §, as may be seen by referring to the mark which 
was made over 75° on the meridian. 

Problem LXXVIII. 
To find the distances of the stars from each other in degrees* 

Rule. Lay the quadrant of altitude over any two stars, 
so that the division marked o may be on one of the stars ; 
the degrees between them will show their- distance, or the 
angle which these stars subtend, as seen by a spectator on 
the earth. 

Examples. 1. What is the distance between Vega in 
Lyra, and Altair in the Eagle ? 

Answer, 34 degrees. 

2. Required the distance between jS in the Bull's Horn, 
and y Bellatrix in Orion's shoulder ? 

3. What is the distance between j3 Pollux in Gemini, and 
a in Canis Minor ? 

4. What is the distance between >?, the brightest of the 
Pleiades, and jS in Canis Major ? 

5. What is the distance between € in Orion's girdle, and 
5 in Cetus ? 

* Let it be remembered that the pole of the ecliptic on the globe here 
represents the pole of the world. 

f Take notice, that the extremity of the globe's axis here represents 
the pole of the ecliptic. 

^ A Platonic year is a period of time determined by the revolution of 
the equinoxes ; this period being once completed, the ancients were of 
opinion that the world was to begin anew, and the same series of things 
to return over again. See the 64th Definition, page 14. 

§ See page 196. 
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6. What is the distance between Arcturus in Bootes, and 
Eegulus in Leo ? 

What is the number of degrees between the following 
stars : — 

7. a in Ursa Major, and a the Pole Star. 

8. Arcturus in Bootes, and Gemma in the Crown. 

9. Menkar in Cetus, and jS in Andromeda. 

10. Castor in Gemini, and Procyon in Canis Minor. 



Problem LXXIX. 

To find what stars lie in or near the moon^s path, or what 
stars the moon can eclipse, or make a near approach to. 

Rule. Find the moon's longitude and latitude, or her 
right ascension and declination, in an ephemeris, for several 
days, and mark the moon's places on the globe (as directed 
in Problems LXVUI. or LXVII.) ; then, by laying a thread, 
or the quadrant of altitude, over these places, you will see 
nearly the moon's path*, and, consequently, what stars lie 
in her way. 

Examples. 1. What stars were in or near the moon's 
path, on. the 28th, 29th, 30th, and 31st of March, 1844 ? 

j) *8 Longitude at Midnight. Latitude. 

28th, 112^' 43' or © 22° 43' - - 3°10'S. 

29th, 125 37 - ^ 5 37 - - 3 50 S. 

30th, 138 58 - SI 18 58 - - 4 30 S. 

31st, 152 49 - ttjj 2 49 - - 4 55 S. 

. Answer. The stars will be found to be f and 5 Gerainorum, B, and 8 
Cancri, r Leonis, &c. • 

2. On the 7th, 8th, 9th, 10th, and 11th of December, 
1845, what stars lay near the moon's path, her right as- 

* The situation of the moon's orbit for any particular day may be 
found thus : find the place of the moon's ascending node in the Ephe- 
meris, mark that place and its antipodes (being the descending node) on 
the globe : half the way between these points make marks ^^ 20^ on the 
north and south side of the ecliptic, viz. let the northern mark be between 
the ascending and descending node, and the southern between the de- 
scending and ascending node ; a thread tied round these four points will 
show the position of the moon's orbit. 
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cension* and declination at midnight of the days annexed 
being as under ? • 

7th, J V right ascension 0*» 29™ declination 6**34'N. 

8th, - - 1 19 - - 10 40 N. 

9th, - . 2 10 . . 14 11 N. 

10th, - - 3 1 - - 16 59 N. 

11th, - - 3 52 - - 18 58 N. 

Problem LXXX. 

Given the latitude of the place and the day of the months 
to find what planets taill be above the horizon after suti' 
setting. 

Rule. Elevate the pole so many degrees above the hori- 
zon as are equal to the latitude of the place ; find the sun's 
place in the ecliptic, and bring it to the western part of the 
horizon, or to ten or twelve degrees below ; then look in the 
Ephemeris for that day and month, and you will find what 
planets are above the horizon ; such planets will be fit for 
observation on that night. 

Examples. 1. What plsuiets were visible after the sun 
had descended ten degrees f below the horizon of London, 
on the 12th of November, 1844 ? Their right ascensions 
and declinations being as follow : — 



Right Ascension. Declination. 

Jf 15^ 3^ 17° ir s. 



? 12 32 1 34 S. 

(J 13 5 18 S. 




Right Ascension. Declination. 
n 2S^4l^ 3**42'& 
1? 20 17 20 22 
ijf 11 24 
Answer, Jupiter, Saturn, «tnd Herschel. 

2. What planets were above the horizon of London when 
the sun had descended ten degrees below, on the 25th of 

* In this dxample the right ascension is given (in time) to the nearest 
minute, and the declination to the nearest minute of a degree. This 
mode of expressing the right ascension, viz. in time, is agreeable to the 
form of the Nautical Almanack. 

t The planets are not visible till the sun is a certain nuniber of de* 
grees below the horizon, and these degrees are variable afscordiug to the 
brightness of 'the planets. Mercury becomes visible vben the sun is 
alKMit 10 deg. below the horizon ; Venus when the sun's depression is 5 
degrees; Mars ll^'SO'; Jupiter 8^; Saturn 10^; and the Geor^so 
17® so'. 
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December, 1845 ? Their right ascensions and declinations 
being as follow : — . 



Right Ascension. 
§ 18^ 38' 
? 21 35 
(J 8 



Declination. 

2P20' S. 

15 56 S. 

40 N. 



Right Ascension. 
% 1^ 57' 

I? 21 16 
V 25 



Decliiiation. 

l(y 37' N. 

17 4 S. 

1 54 N. 



Problem LXXXI. 

Given the latitude of the place, day of the months and hour 
of the night or momingy to find what planets will he 
visible at that hour. 

Rule. Elevate the pole so many degrees above the 
horizon as are equal to the latitude of the place : find the 
son's place in the ecliptic, bring it to the brass meridian, 
and set the index of the hour-circle to 12 ; then turn the 
globe till the index points to the given hour ; let the globe 
rest in this position, and look in the Nautical Almanac for 
the right ascension and declination of the planets* ; then, if 
any of them be in the signs which are above the horizon, 
such planets will be visible. 

Examples. 1. On the 1st of September, 1844, the right 
ascension and declination of the planets, by the Nautical 
Almanac, were as follow : were any of them visible at Lon- 
don at five o'clock in the morning ? 



Right Ascension. 


Declination. 


Right Ascension. 


Declination. 


^ 12h 19°^ 


4° 30' S. 


2| Qh gm 


0° 5rs. 1 


? 7 56 


15 38 N. 


^ 20 16 


20 25 S. \ 


(? 10 10 


12 34 N. 


iff 21 


1 24 N.J 



Answer, Jupiter, Venus, and Mars. 

2. On the Ist of November, 1845, the right ascensions 
and declinations of the planets, as given in the Nautical 
Almanac, were as follow: were any of them visible at Lon- 
don at seven o'clock in the evening ? 



* As the longitude and latitude are not given in the Nautical Al- 
manac, the editor of the present edition has frequently introduced the 
right ascension and declination, instead of, as formerly, the longitude and 
latitude. 
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Right Ascension. Declination. 

9 14^40^ 15° 43' S. 

2 17 20 25 24 S. 

(S 22 20 12 49 S. 



Right Ascension. Dedinatioo. 

^ 21 1 18 7 '^ 
^ 27 2 9 



DMIOO. 



Pboblem LXXXTT. 

The latititde of the place and day of the month being givtn^ 
to find how long Venus rises before the sun when she is a 
morning star^ and how long she sets after the sun when 
she is an eveni/ig star. 

Rule. Elevate the pole so many degrees above the bori- 
zon as are equal to the latitude of the place ; find the right 
ascension and declination of Venus in the Nautical Almanac, 
and mark her place on the globe; find the sun*s place in 
the ecliptic, and bring it to the brass meridian ; then, if the 
place of Venus be to the right hand of the meridian, she is 
an evening star ; if to the left hand, she is a morning star. 

When Venus is an evening star. Bring the sun's place 
to the western edge of the horizon, and set the index of the 
hour-circle to 12 ; turn the globe westward on its axis till 
Venus coincides with the western edge of the horizon ; and 
the hours passed over by the index will show how long Venus 
sets after the sun. 

When Venus is a morning star. Bring the sun's place 
to the eastern edge of the horizon, and set the index of the 
hour circle to 12 ; turn the globe eastward on its axis till 
Venus comes to the eastern edge of the horizon, and the 
hours passed over by the index will show how long Venus 
rises before the sun. 

Note. The same rule will serve for Jupiter^ by marhing 
his place instead of that of Venus. 

Examples. 1. On the 1st of May, 1844, the right 
ascension of Venus was 5 hours 42 min., or 2 signs 26i^i 
or 26° in Gemini, declination 26° 22' N. ; was she a morn- 
ing or an evening star ? If a morning star, how long did 
she rise before the sun at London ? If an evening star, 
how long was she above the horizon after the sun had set? 



Answer. Venus was an eyening star, and set about four hours after 
the sun. 



CHAP. IL] TH£ celestial GLOBE. 361 

2. On the 1st of December, 1846, the right ascension oi 
Venus was 19 hours 51 min., and her declination 23^ 38^ S; 
was she a morning or an evening star ? If a morning star, 
how long did she rise before the sun at London? If an 
evening star, how long was she above the horizon after the 
sun bad set. 

3. On the 1st of January, 1846, the right ascension of 
Jupiter was 1 hour 57 minutes, and his declination 10° 
4(y N. ; was he a morning or an evening star ? K a morn- 
itig star, how long did he rise before the sun at London ? If 
an evening star, how long was he above the horizoji after 
the sun had set ? 

Pkoblem LXXXIIL 

The latitude of a place and day of the month* being given, 
to find the meridian altitude of any star or planet. 

Rule. Elevate the pole so many degrees above the 
horizon as are equal to the latitude of the given place; 
then. 

For a star. Bring the given star to the brass meridian ; 
the degrees on tlie meridian contained between the star and 
the horizon will be the altitude required. 

For the moon or a planet. Look in an ephemeris for the 
planet's right ascension and declination for the given month 
and day, and mark its place on the globe (as inProb.LXVIL) ; 
bring the planet's place to the brass meridian ; and the 
number of degrees between that place and the horizon will 
be the altitude. 

Examples. 1. What is the meridian altitude of Alde- 
baran in Taurus, at London ? Ans. 54^**. 

2. What is the meridian altitude of Arcturus in Bootes at 
London ? 

3. On -the 5th of March, 1845, the right ascension of 
Jupiter f was 22 hrs. 53 min., and declination 8 degrees 1 1 
minutes south ; what was his meridian altitude at London ? 

* The meridian altitudes of the stars on the globe, in the same lati- 
tude, are invariable : therefore when the meridian altitude of a star is 
sought, the day of the month need not be attended to. 

f The places of the planets may be taken out ot \^« «^«aN«t>&Sat 
nooD without aenaible error, because their decVVnatvota '^vrj Veei^^vcw'^^x 
7ftbe moon. 
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4. On the 6th of November, 1845, the rig^t ascension of 
Saturn was 21 deg. 2 min,, Mid declination 18 deg* 6 miik 
south ; what was his meridian altitude at London ? 

6. On the 18th of April, 1845, at the time of the moon's 
passage over the meridian of Greenwich^ her right ascension 
was 10 hours 56 min., and declination 1^ 29^ N. ; required 
her meridian altitude at Greenwich?* 

6. Required the moon's meridian altitude on the Istof 
January, 1846 : the right ascension being 22 hours 4 min^ 
and declination GP 38' south ? 

Note. This problem may be performed without a glole 
having the latitude of the place, and the star or fdanet^ de- 
clination, as Problem XLL For by taking the declination 
in the last example from the co-latitudef of London, we 
have 38° 30'— 6° 38'= 3P 52' 



Problem LXXXIV. 

To find all those places on the earth to which the moan iotS 
be nearly vertical on any given day, 

EuLE. Look in an ephemeris, or the Nautical Almanac, 
for the moon's latitude and longitude for the given day, and 
mark her place on the globe (as in Prob. LX VnL) ; bi^ 

* By the Nautical Almanac, page IV. of the month, the iftoon will 
transit the meridian at 9 hrs. 8 min., or neglecting the tninutes, 9 hm 
Then, turning to page IX. of the same month, -we find her right UOKif 
sion at that time to be 10 hrs. 56 min., and her declination 1^ S9^ of 
1}^ nearbr, from which the meridional altitude may be obtained as netr 
the truth as the operation by a globe will admit ; or, without the globe* 
the declination \^ + S8|^ (the co-lat. of London) ts 40^, the >^ meri- 
dian altitude. 

The moon will have the greatest and least meridian altitude to all tbi 
inhabitants north of the equator, when her ascending node is ia Jlries ; 
for her orbit making an angle of 5J^ with the ecliptic, her gTeate$( 
altitude will be 5^^ more than the greatest meridional altitude of the 
sun, and her least meridional altitude 5^ less than that of the son. Hm 
greatest altitude of the sun at London b 62^ ; the moon's greatest alti- 
tude is therefore 67^ SO'. The least meridional altitude of the sun at 
London is 15^ ; the least meridional altitude of the moon is therefore 
9° 40^. 

f The oo-latitudc {eomfUment of latitude) of any place is what it wimts 
of being 90 degrees. For example, the lat. of London is 51^ SO^s 
therefore the co-lat = 90® - 5\^ S0's=38« SO', or SSj®. 
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€his place to the brass merii^an, and observe the degree 
above it; for all places on the earth having that latitude 
will have the moon vertical (or nearly so) when she comes 
to their respe<?tive meridians. 

Or : Take the moon's declination from page V.*, Bcc. of 
the Nautical Alaumac, and mark whether it be north or 
south ; then, bj the terrestrial globe, or by a map, find all 
places having the same latitude as the moon's declination, 
and those will be the places to which the moon wilt be sue* 
cessivelj vertical on the given day. If the moon's decli- 
nation be north, the places will be in north latitude, and 
vice vers&. 

Examples. 1. On the 8th of October, 1845, the moon's 
longitude at midnight was 9 signs 22 deg. 25 min., and her 
latitude 4 deg. 44 min. north; over what places did she 
pass nearly vertical ? 

Answer, She was nearly vertical to all places that have 1 6° 54' south 
lat. Hence, she was nearly vertical to. the southern parts of New 
H(^iand ; the south of Madagascar, Angora, and Cape Negro, in Africa ; 
and Porto Seguro, South America. 

2. On the dthof December, 1845, the moon's declination 
at midnight was 14^® N. nearly ; over what places on the 
earth will she pass nearly vertically ? 
. 3. What is the greatest north declination which the mtoon 
can possibly have, and to what places will she be then 
vertical? 



Pboblem LXXXV 

Given the latitude of a places day of the month, and the 
aUiiude of a star, to find the hour of the night, and the 
stars azimuth, 

BuLE. Elevate the pole equal to the latitude of the place, 
and screw the quadrant of altitude upon the brass meridian 
over that latitude : find the 8ua'« place in the ecliptic, bring 
it to the brass mieridian, and set the index of the hour-circle 
to 12 ; bring the lower end of the quadrant of altitude to 



* The right aseemion and declination oC the raooiL iot «^«t'^\iQi>ax ^orcsx- 
mence with page V. toad end at page XII. of eacVi mouxVi \xv>^<&^vaS6s»^t 
Almmute, 

r2 
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that side of the meridian on which the star was situated 
when observed ; then move the globe and the quadrant, till 
the star cut the quadrant at the given altitude, the foot of 
the quadrant will be opposite the azimuth, and the index 
will show the hour. 

Examples. 1. At London, on the 28th of December, 
the star Deneb in the Lion's tail, marked ^, was observed to 
be 40 deg. above the horizon, and east of the meridian ; what 
hour wa^ it, and what was the star's azimuth ? 

Answer. By bringing the sun*s place to the meridian, and turning the 
globe westward on its axis till the star cuts 40 deg. of the quadrant eatt 
of the meridian^ the index will have passed over 14} hours; consequentlyi 
the star has 40 deg. of altitude east of the meridian, 14 hours from noon, 
or at a quarter past two o'clock in the morning. Its asimuth will be 60^ 
deg. from the south towards the east. 

2. At London, on the 28th of December, the star jS, in the 
Lion's tail, was observed to be westward of the meridian, and 
to have 40 deg. of altitude : what hour was it, and what was 
the star's azimuth ? 

Jnswer. 8' a. m. azimuth, 62° S. W, 

3. At London, on the Ist of September, the altitude (^ 
Benetnasch in Ursa Major, marked 17, was observed to be 
36 degrees above the horizon, and west of the meridian : what 
hour was it, and what was the star's azimuth ? 

4. On the 2 Ist of December, the altitude of Sirios, when 
west of the meridian at London, was observed to be 8 deg. 
above the horizon ; what hour was it, and what was the star's 
azimuth ? 

5. On the 12th of August, Menkar in the Whale's jaw, 
marked a, was observed to be 37 deg. above the horizon of 
London, and eastward of the meridian ; what hour was it, 
and what was the starts azimuth ? 

6. At London, 6th of February, Bigel, in Orion's foot, 
was observed to have 16° altitude in the S.E.4 required the 
hour and azimuth ? 

7. At the Cape of Grood Hope, on the 2d of May, Spica, 
in Virgo, was observed to have 50® altitude when west of the 
meridian ; what was the azimuth and the hour ? 

8. At Glasgow, 23d September, the altitude of Benetnasch, 
in the tail of Ursa Migor, was observed to be 45°, when to 
the east of the meridian ; required the azimuth and the 
hour? 

9. The altitude of Procjon, in Canis Minor, was observed 
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to be 2(fy when west of the meridian, on February 20th, at 
Paris ; required the atnmnth and the hour ? 

10. If the altitude of Arietes, in Aries on September 1st, 
be 38^ when to the east of the meridian, what is the azimuth 
and the hour? 

11. The altitude of Arcturus was 38° to the east of the 
meridian April 1st, at Vienna ; what was the hour and the 
azimuth? 



Problem LXXXVI. 

driven the latitude of a place^ day of the month, and hour of 
the day, to find the altitude of any star, and its azimuth. 

Rule. Elevate the pole equal to the latitude of the place, 
and screw the quadrant of altitude upon the brass meridian 
over that latitude ; find the sun's place in the ecliptic, bring 
k to the brass meridian, and set the index of the hour-circle 
to 12 ; then turn the globe till the index point to the given 
hour. Bring the quadrant of altitude over the star, then 
the azimuth will be found on the horizon opposite the foot of 
the quadrant, and the degree of the quadrant cut by the star 
will be its altitude. 

Examples. 1. What are the altitude and azimuth of 
Capella at Rome, when it is five o'clock in the morning on 
the 2d of December ? 

Answer, The altitude is 41 deg. 58 min., and the azimuth 60 deg. 
50 min. ttom. the north towards the west 

2. Required the altitude and azimuth of Altair, in Aquila, 
on the 6th of October, at nine o'clock in the evening at 
London ? 

3. On what point of the compass does the star Aldebaran 
bear at the Cape of Good Hope, on the 5th of March, at a 
quarter past eight o'clock in the evening ; and what is its 
altitude ? 

Required the altitude and azimuth of Alcyone in the 
Pleiades marked vy, on the 21st of December, at four o'clock 
in the morning, at London ? 

5. What are the altitude and azimuth of Antares at 
London, July 1st at 9 p.m. ? 

6. What are the altitude and azimuth of Alpheratz, in 
Andromeda, at Bergen, on Nov. 30th at 11 ?.ii» 

& 3 
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7. What are the altitude and azimutiiL of Algols in the head 
of Medusa, at Rome, Dec. lOth, at 8 p»il ? 

8. What are the altitude and azimuth of Deneb, in 
Cygnus, at Naples^ on May 1st at 5 a. m. 

9. What are the altitude and azimuth of Spica^ in Yirgo^ 
at Dover, on March 1st, at midnight ? 

What are the altitude and azimuth of the foUowing etars 
at London at 8 p.m. on 6th February ? 

10. Bellatrix. 13. Castor. 16. Menkar. 

11. Sirius. 14. Pollux. 17. B^ului. 

12. Aldebaran. 15. Frocyon. 18. Mirach. 

Problem LXXXVII. 

Given the latititde of the plaee^ day of the months and 
azimuth of a star, to firid the hour of the night and the 
star's altUude, 

Rule. Elevate the pole equal to the latitude of the place, 
and screw the quadrant of altitude upon the brass meridian 
over that latitude ; find the sun's place in the ecliptic^ bring 
it to the iHrass meridian, and set the index of tbe bottr^drde 
to 12 ; bring the lower end of the quadrant of altitude to 
coincide with the given azimuth on the horizon, .and hold it 
in that position ; turn the globe till the given ptar comes to 
the graduated edge of the quadrant, and the index will shour 
the hour and the degrees on the quadrant^ reckoning from 
the horizon to the star, will be the altitude. 

Examples. 1. At London, on the 28th of December, the 
azimuth of Deneb in the Lion*s tail marked py was 62^ deg. 
from the south towards the west; what hour was it, and 
what was the star's altitude ? 

Answer. Eight o'clock in the morning ; and the star's altitude wiUbe 

40 deg. 

2. At London, on the 5th of Maj» the azimuth of Cor 
Leonis, or Begulus, marked a, was 74 deg. from the sooth 
towards the west ; required the star's altitude, and the hour 
of the night ? 

3. On the 8th of October, the azimuth of the star marked 
jS, in the shoulder of Auriga, was 50 deg. from the north 
towards the east; required its altitude at London^ and the 
hour of the night ? 

4. On the 10th of September, the azimuth of the star 
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marked c, in the Dolphin, was 20 deg. from the south towards 
the east ; required its altitude at London, and the hour of the 
night ? 

What are the altitude and the hour at London, Novemher 
Ist, when the following stars have the annexed asimuth ? 

5. Capella, 47^ N.E. 8, Arietes, 18° S.E. 

6. Scheat, in Pegasus, 55° S.W. 9. Rigel, 4P S.E. 

7. Fomalhaut, 15° 8.W. 10. Alioth, 27° N.W. 

. What ara: the altitude and hour at Edinburgh on May 20th, 
when the foQowing stars have the annexed azimuth? 

11. Arcturus, 81« N.W. 14. Atair, 77° 8.R 

12. Vega, 88° N.E. 15. Capella, 25° N.W. 

13. Pollux, 47° S.E. 16. Benetnasch, 22° N.W. 

Problem LXXXVUI. 

Two Stan being given^ the one on the meridian^ and the other 
on the east or weft part of the horizon^ to find the latitude 
. qf the place, 

Bui<E. Bring the star which was observed to be on the 
inetidlany to the brass meridian ; keep the globe from turn- 
ing on its a^s, and elevate or depress the pole till the other 
.star comes to the eastern or western part of the horizon; 
then the elevation of the pole will be the latitude. 

£^if]p];^B8% \* When the two pointers of the Great 
Bear, marked a and p^ or Dubhe and jS, were on the meri- 
dian, I observed Vega in Lyra to be rising ; required the 
latitude? 

Answer. 27 deg. north. 

2. When Arcturus in Bootes was on the meridian, Altair 
in the ]Sagle was rising ; required the latitude ? 

'3. When the star marked j3 in Gremini was on the meri- 
dian, e in the shoulder of Andromeda was setting ; required 
the latitude? 

4. In what latitude are a and ]?, or Sirius and p in Ganis 
Major rising^ when Algenib, or a, in Perseus, is on the 
meridian ? ^ 

What are the latitudes when the first mentioned of the 
following stars is on the meridian, and the second rising or 
Betting ? . 

5. Cap^ia, Cor l^dra, rising. 8. Vega, Fomalhaut, rising. 

6. Arctarus, Atair, rising. 9. Atair, Algol, rising. 

7. Antares, Begulos, setting. 10. Gemma, Co^Vst^ ^j^s2^^. 

a 4 
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Problem LXXXTX. 

The latitude of the place, the day of the months and two stars 
that have the same azimuth, being given, to find the hour 
of the night 

Rule. Elevate the pole equal to the latitude of the place^ 
and screw the quadrant of altitude upon the brass meridian 
over that latitude ; find the sun's place in the ecliptic, bring 
it to the brass meridian, and set the index of the hour-circle 
to 12; turn the globe on its axis till the two given stars 
coincide with the graduated edge of the quadrant of altitude ; 
the index will show the hour ; and the common azimuth of 
the two stars will be found on the horizon. 

Examples. 1. At what hour, at London, on the 1st of 
May, will Altair in the Eagle, and Vega in the Harp, have 
the same azimuth, and what will that azimuth be? 

Antwer. Three o'clock in the morning ; and the azimuth will be 42}^ 
from the south towards the east 

2. On the 10th of September, what is the hour at London,' 
when Deneb in Cygnus, and Markab in Pegasus, have the 
same azimuth, and what is the azimuth ? 

3. At what hour on the 15th of April will Arctunis and 
Spica Yirginis have the same azimuth at London, and what 
will that azimuth be ? • 

4. On the 20th of February, what is the hour at Edin- 
burgh when Capella and the Pleiades have the same azimuth, 
and what is the azimuth ? 

5. On the 21st of December, what is the hour at Dublin 
when a or Algenib in Perseus, and p in the Bull's horn, 
have the same azimuth, and what is the azimuth ? 

At what hour have the following stars the same azimuth 
at London on December 21st? 

6. Vega and Atair. 9. Gremma and Spica. 

7. Mirach and Arietes. 10. Castor and Procyon. 

8. Vega and Ras Alhague. 11. a Serpens and Gemma, 
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Pboblem XC. 

The latitude of the place, the day of the months and two 
stars that have the same altitudey being giveUy to find the 
hour of the night. 

Rule. Elevate the pole so many degrees above the horizon 
as are equal to the latitude of the place, and screw the qua- 
drant of altitude upon the brass meridian over that latitude ; 
find the sun's place in the ecliptic, bring it to the brass me- 
ridian, and set the index to 12 ; turn the globe on its axis 
till the two given stars coincide with the given altitude on 
the graduated edg^ of the quadrant ; the index will show the 
hour. 

Examples. 1. At what hour at London, on the 2d of 
September, will Markab in Pegasus, and a in the head of 
Andromeda, have each 30 deg. of altitude ? 

Answer^ At a quarter past eight in the evening. 

2. At what hour at London, on the 5th of January, will a, 
Menkar, in the Whale's jaw, and «, Aldebaran, in Taurus, 
have each 35 deg. of altitude ? 

3. At what hour at Edinburgh, on the 10th oi November, 
will a, Altair, in the body of the Eagle, and ^ in the tail of 
the Eagle, have each 35 deg. of altitude ? 

4. At what hour at Dublin, on the 15th of May, will % 
Benetnasch, in the Great Bear's tail, and 7, in the shoulder 
of Bootes, have 56 deg. of altitude? 

At what hour at London, on August 8th, will the follow- 
ing stars have the same altitude. 

5. Capella and Algol 8. Capella and Castor. 

6. Bigel and Procyon 9. Kegulus and Spica. 

7. AJgenib and Scheat in 10. Dubhe and Arcturus. 

Pegasus* 

Problem XCL 

The altitudes of two stats having the same azimuth, and 
that azimuth being given, to find the latitude of the place. 

Rule. Place the graduated edge of the quadrant of alti- 
tude over the two stars, so that each star may be exactly 
under its given altitude on the quadrant ; hold the quadrant 

R5 
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in this position, and elevate or depress the pole till the divi- 
sion marked o, on the lower end of the quadrant^ coincides 
with the given azimuth on the horizon : when this is effected, 
Ihe elevation of the pole will be the latitude. 

Examples. 1. The altitude of Arcturus was obflerved to 
be 40°, and that of Cor. Caroli 68° ; their ccmmion axmrath 
at the same time was 7P from the south towards the east; 
required the latitude ? 

Antwer. 51 J® north, 

2. The altitude of c in Castor was observed to be 40°, and 
that of p in Procvon 20^ ; their common azimuth at the same 
time was 73^° ; from the south towards the east ; required 
the latitude ? 

3. The altitude of a, Dubhe, was observed to be 40°, and 
that of y in the back of the Great Bear 29 J° their common 
azimuth at the same time was 30° from the north towards 
the east ; required the latitude ? 

4. The altitude of Vega, or a in Lyra, was observed to be 
70°, and that of a in the head of Hercules 39^°, their com- 
mon azimuth at the same time was 60^ fh)m the south to- 
wards the west ; required the latitude ? 

5. The altitude of Betelgeuse was 15°, and Capel]a65^ 
when their azimuth was 67° S. E. ; required the latitude? 

6. The altitude of Aldebaran was 20^, and of Menkar 47^ 
and their azimuth 69^ N. E. ; required the latitude? 

7. The altitude of Altair was 15°, when the ahitode (A 
Vega was 49^, and their azimuth 78° S. £. ; required die 
latitude ? 

Pboblek XCIL 

The day of the month being giveit, and the hour when any 
knoum star rises or sets, to find the latitude of the place. 

Rule. Find the sun's place in the ecliptic, bring it to the 
brass nleridian, and set the index of the hour-circle to 12 ; 
then turn the globe till the index point to the given hour, 
and elevate or depress the pole till the given star coincides 
with the horizon ; then the elevation of the pole will show 
the latitude. 

Examples. 1. In what latitude does c, Mirach^ in Bootes, 
rise at half-past twelve o'cloct at night, on tiie 10th of 
December ? 

Answer, 51 J^ north. 
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^. In what latitude do^ Cor. Leonis, or Begulas, rise at 
ten o'clock at mght, on the 2lst of January? 

3. In what latitude does jS, Bigel in Orion, set at four 
o'clock in the mornings on the 21st of December? 

4. In what latitude does p, Capricomus, aet at eleven 
o'clock at night; on the 10th of October? 

Problem XCIIX. 

Fofind on what day of the month any given star passes the 

meridian at any given hour. 

Rule. Bring the given star to the brass meridian, and set 
the index to the given hour. Turn the globe till the index 
point to 12 at noon^ and the d^ee of the ecliptic cut by the 
meridian, found on the horizon, will show the day of the 
month. * 

Examples. 1. On what day of the month does Brocyon 
come to the meridian of London at three o'clock in the morn<- 
ing ? 

jimwer, December 1. 

2. On what day of the month, does c^ Alderamin, in 
Cepheus, come to the meridian of Edinburgh at ten o'clock 
at night? 

Ansuwr, September 9. 

3. On what day of the month does j8, Deneb in the Lion's 
tail, come to the meridian of DubHn at nine o'clock at night ? 

4. On what day of the month, does Arcturus in Bootes 
come to the meridian of London at noon ? 

6. On what day of the month does h in the Great Bear, 
come to the meridian of London at midnight? 

6. On what day of the month does AlHebaran come to 
the meridian of Philadelphia at five o'clock in the morning 
at London ? 

On what days of the month does Algol come to the men- 
diaa at the following hours. 

7. 5 A.M, 9. Noon. 11, 8 p.m. 

8. 9 A.M. 10. 4f P.M. 12. Midnight. 

On what days of the month does Eigel come to the meri- 
dian at the following hours. 

13. Noon. 15. 7 p.m. 17. 7 a.m. 

14.4 p.m. 16. Midnight 18.9 a.m. 

R 6 
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Problem XCIV. 

The day of the month being given, to find at what hour antf 
given star comes to the meridian, ^ 

EuLE. Find the sun's place in the ecliptic, bring it to the 
brass meridian, and set the index of the hour-circle to 12; 
turn the globe on its axis till the given star comes to the 
brass meridian, and the index will show the hour. 

Or, without the globe. 

Subtract the right ascension of the sun for the given day 
from the right ascension of the star, and the remainder wiU 
be the time of the star's culminating nearly* If the sun'^ 
right ascension exceeds the star's, add 24 hours to the star's 
b^ore you 'subtract. 

Examples. 1. At what hour does Cor Leonis, or Regulus, 
come to the meridian of London on the 23rd of September? 

Answer, } past 9 a. m. 

2. At what hour does Arcturus come to the meridian of 
London on the 9th of February ? 

Answer, ^ past 4 a. H. 

3. Required the hours at which the following stars come 
to the meridian of London on the respective days annexed: — 

1. Bellatrix, January 9th. 5, fi Mirach, October ^th. 

2. Menkar, May 18th. 6. Aldebaran, Feb. 12th. 

3. Etanin, Sept. 22nd. 7. /9 Aries, November 5th. 

4. a Dubhe, Dec. 20th. 8. j3 Taurus, January 24th. 

9. At what time will Sirius come to the meridian of 
Greenwich on the 18th of December? 

Required at what hour Betelgeux will come to the meri- 
dian on the following days ? 

10. Jan. 1. 12. May 1. 14. Sept. 1. 

11. March 1. 13. July L lo. Nov. 1. 

At what hour do the following stars come to the meridian 
on the annexed days ? 

16. Alioth, June 1. 19. Vega, May 9. 

17. Sirius, Feb. 8. 20. Arcturus, June 1. 

18. Procyon, Jan. 11. 21. Gemma, Oct. 11. 

• This problem is comprehended in Problem LXXI. 
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Peoblem XCV. 

Given the azimuth of a known star, the latitudey and the 
hour, to find the starts altitude^ and the day of the month, 

E.ULE. Elevate the pole equal to the latitude of the given 
place, screw the quadrant of altitude upon the brass meri- 
dian over that latitude, bring the quadrant to the given azi- 
muth on the horizon, turn the globe till the star coincides 
with the graduated edge of the quadrant, the degree on 
which cut by the star will show its altitude ; theu set the 
index to the given hour, and turn the globe till the index 
points to 12 at noon ; observe that degree of the ecliptic 
which is intersected by the graduated edge of the brass me- 
ridian, and the day of the month answering thereto, on the 
horizon, will be the day required. 

Examples. 1. At London, at ten o'clock at night, the 
aximuth of Spica Virginia was observed to be 40 deg. from 
the south towards the west ; required its altitude, and the 
Hay of the month ? 

Answer, Altitude 20°, June 1 8. 

2. At London, at four o'clock in the morning, the azimuth 
of Arcturus was 70 deg. from the south towards the west ; 
required its altitude, and the day of the month ? 

Answer, Altitude 40°, April 12. 

3. At Edinburgh, at eleven o'clock at night, the azimutli 
of a Serpentarius, or Ras Alhagus, was 6^ deg. from the 
south towards the east ; required its altitude, and the day of 
the month? 

4. At Dublin, at two o'clock in the morning, the azimuth 
of P Pegasi, or Scheat, was 70 deg. from the north towards 
the east ; required its altitude, and the day of the month ? 

5. At London, at 6 p.m., the azimuth of Vega was 30 
N. W. ; at 6 P.M. what was the altitude, and the day of the 
month ? 

6. At the Cape of Good Hope, at 8 p. m., the azimuth of 
Canopus was observed to be 30^ S. E., required the altitude, 
and the day of the mouth ? 

7. At Glasgow, at 4 a. m., the azimuth of Fomalhaut was 
observed to be 10° S. E., required the altitude and the day 
of the month ? 
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Problem XCVL 

The alHtudea of two stars being given, to find the kUHnide 

of the place, 

BuLE. Subtract each star's altitude from 90 degrees; 
take successively the extent of the number of degrees, con* 
tained in each of the remainders, from the equinoctial with 
a pair of compasses; with the compasses thus extended, 
place one foot successively in the centre of each star, and 
describe arcs on the globe with a black-lead pencil^ these 
arcs will cross each other in the zenith ; bring the point of 
intersection to that part of the brass meridian which is num- 
bered from the equinoctial towards the poles, and the degree 
above it will be the latitude. 

Examples. 1. At sea, in north latitude, I observed the 

altitude of Capella to be 30 deg., and that of Aldebaran S5 

deg. ; what latitude was I in ? 

Answer. With an extent of 60<^ (a90^— 30^) taken from the equi- 
noctial, and one foot of the compasses in the centre of Capella, describe 
an arc towards the north ; then with 55^ ( = 90° — 35°), taken in a similar 
manner, and one foot of the compasses in the centre of Aldebaran, de* 
scribe another arc, crossing the former ; the point of intersection broQght 
to the brass meridian will show the latitude to be 20|° north. 

2. The altitude of Markab in Pegasus was BO deg., and 
that of Altair in the Eagle, at the same time, was 65 deg. ; 
what was the latitude, supposing it to be north ? 

3. In north latitude, the altitude of Arcturus was observed 
to be 60 deg., and that of P or Deneb, in the Lion's tail, at 
the same time, was 70 deg. ; what was the latitude ? 

4. In north latitude, the altitude of Procyon was ob- 
served to be 50 deg., and that of Betelgeux in Orion, at the 
same time, was 58 deg. ; required the latitude of the place 
of observation ? 

Problem XCVIL 

The meridian altitude of a hnown star being given at any 
place in north latitude^ to find the laiitiide. 

RuLB. Bring the given star to the brass meridian, count 
the number of degrees in the given altitude on the brass me- 
ridian from the star towards the south part of the horizon, 
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and mark where the reckoning ends ; elevate or depress the 
pole till this mark coincides with the south point of the hori* 
zon, and the elevation of the north pole above the horizon 
will show the latitude. 

Examples. 1. In what degree of north latitude is the 
meridian altitude of Aldebaran 52^® ? 

Annoer, ^39 36' north. 

' 2. In what degree of north latitude is the meridian alti- 
tude of py one of the pointers in Ursa M^jor, 90° ? 

3. In what degree of north latitude is y, in the head of 
Draco, vertical when it culminates ? 

4. In what degree of north latitude is the meridian alti- 
tude of « or Mirach in Bootes, 68® ? 

In what degrees of north latitude will the following stars 
have the annexed meridian altitudes ? 

5. Aldebaran 30° 9. Spica 10° 

6. Rigel 40 10. Fomalhaut 1 

7. Sinus 7- 11. Denebola 40 

8. Castor 88 12. Arcturus 70 

Problem XCVIH. 

The latitude of a place, day of the months and hour of the 
day, being given, to find the nonagesimal degree * of 
the ecliptic, its altitude and. azimuth, and the medium 

" CCELL 

RuLEii Elevate the north pole to the latitude of the given 
place, and screw the quadrant of « altitude upon the brass 
meridian over that latitude ; find the sun's place in the 
ecliptic, bring it to the brass meridian, and set the index of 
the hour-cinile to 12; then turn the globe till the index 
point to the given hour ; count 90° upon the ecliptic from 
the horizon (either eastward or westward), and mark where 
the reckoning ends, for that point of the ecliptic vnll be the 
nonagesimal degree, and the degree of the ecliptic cut by 

* The nonagesimal degree of the ecliptic is that point which is the 
most elevated above the horizon, and is measured by the angle which the 
ecliptic makes with the horizon at any elevation of the pole ; or, it is the 
distance beneath the zenith of the place and the pole of the ecliptic. 
This angle b frequently used- in the calculation of solar eclipses. The 
medium cceli, or mid-beaven, is that point of the ecliptic which is upon 
the meridian. 
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the brass meridian will be the medium coeli ; bring the gra- 
duated edge of the quadrant of altitude to coincide with the 
nonagesimal degree of the ecliptic thus found, and the num- 
bar of degrees on the quadrant, counted from the horizon, 
will be the altitude of the nonagesimal degree ; the azimnth 
will be seen on the horizon. 

Examples. 1. On the 21st of June, at forty-five minutes 
past three o'clock in the afternoon, at London, required, the 
point of the ecliptic which is the nonagesimal degree, its 
altitude and azimuth, the longitude of the medium coeli, and 
its altitude, &c. ? 

Answer. Tlie nonagesimal degree is 10^ in Leo, its altitude is 54^ and 
its azimuth 22^ from the south towards the west, or nearly S.S.W. The 
mid-heayen, or point of the ecliptic under the brass meridian, is 24^ in 
Leo, and its altitude above the horizon is 5:^. The degree of the equi- 
noctial cut by the brass meridian, reckoning from the point Aries^ is die 
right ascension of the mid-heaven, which in this eiample is 146^. Hie 
rising point of the ecliptic will be found to be 10° in Scorpio, and the 
setting point IQP in Taurus. If the graduated edge of the quadrant be 
brought to coincide with the sun's place, the sun*s altitude wiU be fbnnd 
to be 39^ and his azimuth 78A° from the south towards the west; or neariy 
W. by S. 

2. At London, on the 24th of April, at nine o'clock in the 
morning; required the point of the ecliptic which is the 
nonagesimal degree, its altitude and azimuth, the point of the 
ecliptic which is the mid-heaven, &c. ? 

3. At Limerick, in 52° 22' north latitude, on the loth of 
October, at five o'clock in the afternoon ; required the point 
of the ecliptic which is the nonagesimal degree, its alti- 
tude and azimuth, the point of the ecliptic which is the 
mid-heaven, &c. ? 

4. At Dublin, in latitude 53° 2 r north, on the 15th of 
January, at two o'clock in the afternoon ; required the lon- 
gitude, altitude, and azimuth, of the nonagesimal degree; 
and the longitude and altitude of the medium coeli, &c ? 

Problem XCIX. 

The latitude of a place, day of the ftumth, and the hour, 
together with the altitude and azimuth of a star, being 
given, to find the star. 

Rule. Elevate the pole equal to the latitude of the pkce, 
and screw the quadrant of altitude on the brass meridian 



CHAP, n.] THE CELESTIAL GLOBE. 377 

over that latitude ; find the sun's place in the ecliptic, bring 
it to the brass meridian, and set the index of the hour circle 
to 12 ; then turn the globe till the index point to the given 
hour ; next bring the foot of the quadrant to the given 
azimuth on the horizon ; then, immediately under the given 
altitude on the graduated edge of the quadrant, you wiU find 
the star. 

Examples. 1. At London, on the 21st of December, at 
four o'clock in the morning, the altitude of a star was 50% 
and its azimuth was 37° from the south towards the east ; 
required the name of the star ? 

Answer. Deneb, or $ in the Lion's taiL 

2. The altitude of a star was 27°, its azimuth 76^'' from 
the south towards the west, at eleven o'clock in the evening, 
at London, on the 1 1th of May ; what star was it ? 

3. At London, on the 21st of December, at four o'clock in 
the morning, the altitude of a star was S% and its azimuth 
51° from the south towards the west ; required the name of 
the star ? 

4. At London, on the 1st of September, at nine o'clock in 
the evening, the altitude of a star was 47°, and its azimuth 
73° from the south towards the east ; required the name of 
the star ? 

Frobleh C* 

To find very correctly, by the glebe, the time of the moon's 
culminating, or coming to the meridian, on any given day. 

Rule. Find the moon's right ascension and declination 
at noon by the Nautical Almanac, and mark its place on the 
globe. Also find the sun's place in the ecliptic for the given 
day ; bring it to the meridian, and set the index to 12 ; turn 
the globe westward on its axis, till the moon's place comes 
to the meridian, and observe the hour by the index. Then 
find in the Nautical Almanac the moon's right ascension and 
declination at this time, and bring that point to the meridian ; 
the time now shown by the index will be very neai'ly the 
true time of the moon's passing the meridian. 

* * This problem is substituted by the editor for the very incorrect one 
given, in former editions. 
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Ob, without the globe. 

Find the moon's age by the table, at page 184, which 
multiply by *82*, and cut off two figures fnom the right hand 
of the product ; the left-hand figures will be the hours ; the 
right-hand figures must be multiplied by 60, for minutes. 

Examples. 1. At what hour, on the 14th of January, 
1845, did the moon pass the meridian of Greenwich, the 
moon's right ascension at noon being hr. 47 niuL, and cle- 
clination9*15'N.? 

By the Globe. The point of the moon^s declinadon at 
noon comes to the meridian at about ten minutes past fc9% 
o'clock in the afternoon ; at which time, by page YU. of the 
month in the Nautical Almanac for 1845, the moon's right 
ascension will be hr. 57 min. ; bringing this last to the 
meridian, it will be found that the time from noon is 5 hrs. 
20 min.) as nearly as can be read off on a globeX <^^ agrees 
within about one minute of the time of the moon^'a passage 
given in page lY. of the month in the Nautical Almanac 

By the Table (page 184.). The moon's age is 6, or more 
nearly 6^, which multiplied by '82 gives 5*33, that is, 5 hr& 
and '33 over; this multiplied by 60 produces nearly 19 
minutes. Hence, by this method, the moon culminates at 
5 hrs. 19 min. in the afternoon, nearly as given in the Nau- 
tical Almanac, which is 5 hrs. 21*3 min. 

2. At what hour, on the 13th of March, 1845, did the 
moon pass over the meridian at Greenwich, the moon's rigitt 
ascension at noon being 3 hrs. 29 min., and declination 19^ 
13' N. ? 

3. At what hour, on the 1st of January, 1846, did the 
moon pass over the meridian at Greenwich, the moon's right 
ascension at noon being 22 hrs. 4 min*, and declination 6^ 
39' S. ? 

* For, the synodic revolution of the moon being about fi9( days, we 
bave, by the rule of three, a« 29^ d. : 24b :: 1 d. : *82 h. nearly. 
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Problem CI. 

The day of ike month, arid time of high water at the full 
and change of the moon being given, to find the time of 
high water on the given day at any place within the limits 
of the table* 

Rule. Find the time at which the moon comes to the 
ineridian of the given place by the preceding problem, to 
which add the time of high water at the given plaoe at the 
■full and change of the moon (taken from the following 
Table), and the sum will show the Time of high water in 
the * afternoon. If the sum exceed 12 hours, subtract 12 
hours and 24 minutes from it, and the remainder will show 
the time of high water in tJie morning ; but if the sum 
exceed 24 hours, subtract 24 hours and 48 minutes from it, 
and the remainder will show the time of high water in the 
afternoon. 

Or, by the table, page 234. 

Find the moon's age by the Table, at page 234., and take 
out the time i&om the right-hand column thereof answering 
to the moon's age ; to which add the time of high water at 
the full and change of the moon (taken from the following 
Table), and the sum will show the time of high water in the 
afternoon. If the sum exceed 12 hours, subtract 12 hours 
and 24 minutes from it, and the remainder will show the 
time of high water in the morning ; but if the sun exceed 
24 hours, subtract 24 hours and 48 minutes from it, and the 
remainder will show the time of high water in the after- 
noon. 

Or, thus: 

Find the time of the moon's coming to the meridian of 
Greenwich on the given day, at page IV. of the month in 
the Nautical Almanac ; take out the correction (from the fol- 
lowing Table, page 382.) to correspond to this time, and 
apply it as the Table directs ; to the result add the time of 
high water at the full and change of the moon (taken from 
the following Table), and the sum will show the time of high 
water in the afternoon. K the sum exceed 12 or 24 hours, 
proceed as above. 

EXA3IPLES. 1. Required the time of high water at Lou- 
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don Bridge on the 29th of April, 1844, the moon's right 
ascension at noon being 1 1 hrs. 35 min., and her declination 
2° 50' south ? 

Answer J By the Globe, — The moon comes to the meridian at - 9h. 24 m. 
Time of high water at the full and change at London - 2 7 



Time of highwater in the afternoon - - - 11 31 

By the Table, page 234. — The moon's age is 12, the time an- 
swering to which, in Table, p. 234. ... lob, 9in. 
Time of high water at the full and change - - - 2 7 

Time of high water at 1 6 min. pa«t 12 at night • • 12 16 

By the Nautical Almanac, — The moon comes to the meri- 
dian at- - - - - - -9h. 24m. 

The time from the right-ha'nd Table following, answering to 

9 hrs. 24 min., is- - - - - -OSS 



Sum - - - - 9 47 

Time of high water at London at the full and change - 2 7 



Time of high water 54 min. after 1 1 at night* •- • 1 1 54 

2* Required the time of high water at London, on the 
9th of February, 1844, the moon's right ascension at noon 
being 13 hrs. 35 min., and her declination 14"^ 20^ south? 

3. Required the time of high water at Aberdeen, on the 
9th of February, 1844, the moon's right ascension at noon 
being 13 hrs. 35 min., and her declination 14° 20^ south? 

4. Required the time of high water at Liverpool Dock on 
the 14th of August, 1845 ? By the Nautical Almanac the 
moon comes to the meridian of Grreenwich at 9 hrs. 29 min. 
' 5. Required the time of high water at Bristol on the 2nd 
of September, 1845, the moon's right ascension at noon 
being 11 hrs. 5 min., and her declination 1° 6' north ? 

6. Required the time of high water at Dublin on the Ist 
of January, 1846, the moon's right ascension at noon being 
22 hrs. 4 min., and her declination 6° 38^ south ? 

* Here are three methods of performing the same problem, and the 
results all differ from each other : the first is nearest to the time given 
in the Nautical Almanac for 1844, p. 546. : which is 11 h. 36 min. For 
ascertaining the time of high water more accurately, see an Elementary 
Treatise on the Tides by Sir J. Lublmck, published in 1839. 
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A TABLE 

Of the Time of High Water at New and Full Moon 
at the principal Places in ihe British Islands. * 



Ha Ma 

Aberdeen 1 11 

Aberystwith 7 SO 

Aldborough 10 45 

St. Andrew*8 2 

Arran Island 11 15 

Bamborough 3 30 

Banff 41 

BeachyHead 11 50 

St. Bee's Head ...10 45 

Belfast 10 5 

Bembridge Point 10 15 

Berwick 2 18 

Boston 7 15 

St. Bride's Bay... 6 

Bridlington 4 30 

Bridport 6 

Brighton 11 38 

Bristol 7 15 

Caithness Point... 9 

Cantire, Mull 6 

Cape Clear 4 

Cork Harbour ... 4 30 

Cowes 10 45 

Cromartie* 11 45 

Cromer 7 

Cullen 

Dartmouth 6 5 

Dingle Bay ..;.... 3 SO 

DoTer. II 10 

Dublin Bar. 11 12 

Dunbar.... i. 2 20 

Dunbarton 11 15 

Dundee 2 35 

DimganroD 4 SO 

Dungeness. 10 50 

Eddystone 5 15 

Edinburgh 2 20 

Exeter. 10 30 

Ex mouth Bar 6 25 

FaUnouth 5 15 

Fern Island 3 30 



H. M. 







Fifeness 2 

Flamborough Head 4 30 
North Foreland....! 1 20 
South Foreland ....11 20 

Foulness 6 45 

Fowey 5 30 

Galway Bay 4 30 

Fort George 11 40 

Gravesend 1 30 

Greenock 11 45 

Hartland Point.... 4 30 

Hartlepool 3 45 

Harwich 11 .SO 

Holyhead 10 

Hull 6 

Kinsale 4 SO 

Leith , 2 22 

Limerick 4 SO 

Liverpool Dock.... 11 22 

Loudon Bridge 2 7 

Milford 5 45 

Newcastle 4 

Orfordness 10 4 

Plymouth 5 S3 

Port Patrick 11 

Portland 6 15 

Portsmouth Dock . 1 1 40 
Ramsgate Harbour 1 1 20 

Rochester O 45 

Sandwich ..11 30 

Scarborough........ 4 25 

Sligo Bay 5 59 

Southampton 11 40 

Stockton S 30 

Swansea. 5 96 

Tynemouth 2 50 

Torbay 6 5 

Weymouth 6 30 

Whitby 3 45 

WhitehaTen 11 15 

Yarmouth Road... 8 40 
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* Corrected from the Nautical Almanac for 1845. 
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PART IV. 

1. A promiscuous Collection of Examples for Exercise on 
the Globes, — A Collection of Questions^ with References 
to the Pages where the Answers will be found ; designed 
as an Assistant to the Tutor in the Examination (^ hii 
Pupils, 



Chapter I. 
Promiscuous Examples for Exercise on the Globes. 

1. What day of the year is of the same length as the 14th 
of August ? 

2. How many miles make a degree of longitude in the lati- 
tude of Lisbon ? 

3. At what hour is the sun due east at London on the 5th 
of May? 

4. There is a place in the parallel of 31 deg. of north 
latitude^ which is 81 deg. distant from London ; what place 
is it? 

6. If the sun's meridian altitude at London be 30 dbg^ 
wiiat day of the month, and what month, is it ? 

6. On what month and day is the sun's meridian altitude 
at Paris equal to the latitude of Paris? 

7. When y Draconis is vertical to the inhabitants of London 
at 10 o'clock at night ; what day of the month, and yfh&l 
month, is it ? 

8. What is the equation of time dependent on the obliqnitjr 
of the ecliptic on the 14th of July ? 

9. I observed the pointers in the Great Bear, on the meri* 
dian of London, at eleven o'clock at night ; in what month, 
and on what night, did this happen ? 

10. On what day of the month, and in what month, will 
the shadow of a cane placed perpendicular to the horiason of 
London, at 10 o'clock in the morning, be exactly equal in 
length to the cane ? 

11. The earth goes round the sun in 365 days 6 hours 
nearly; how many degrees does it move in one day, at a 
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medium? Or^ what is the daily apparent mean motion of 
the sun ? 

12. The moon goes once round her orbit, from the first 
point of the sign Aries to the same again, in 27 days 7 
hours 43 minutes 5 seconds ; what is her mean motion in one 
day? 

13. The moon turns round her axis, from the sun to the 
sun again, in 29 days 12 hours 44 minutes 3 seconds, which 
is exactly the time that she takes to go round her orbit from 
new moon to new moon ; at what rate per hour are the inha- 
bitants (if any) of her equatorial parts carried by this rotation, 
the moon's diameter being 2144 miles? 

14. How many degrees does the motion of the moon exceed 
the apparent motion of the sun in 24 hours? 

15. Find on what day, in any given month, the moon is 
eight days old, and then find her longitude for that dayv 

16. TVavelliBg in an unknown latitude I found, by chance, 
an old horizontal dial, the hour-lines of which were so defaced 
by time that I could only discover those of IV. and Y., and 
found their distance to be exactly 21 degrees; pray, what 
latitude was the dial made for ? 

17. Required the duration of twilight at the south pole? 

18. How far must an inhabitant of London travel south- 
ward to lose sight of Aldebaran ? 

19. What is the elevation of the north polar star above 
the horizon of Calcutta? 

20. Lord Nelson beat the French fieet near latitude 31 deg. 
11 min. north, longitude 30 deg. 22 min, east; point out 
the place on the globe ? 

21. What is the sun's altitude at three o'clock in the after- 
noon at Philadelphia on the 7th of May ? 

22. What is the length of the day at London on the 26th 
of July, and how many degrees must the sun's declination be 
diminished to mske the day an hour shorter ? 

23. At what hour does the sun first make his a{^earance 
at Petersburgh on the 4th of June ? 

24. At what ratep^r hour are the inhabitants of Botany 
Bay carried from west to east by the rotation of the earth on 
its axis? 

25. When Arcturus is 30 deg. above the horizon of London, 
and eastward of the meridian, on the 5th of November, what 
o'clock is it ? 
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26. Describe an horizontal dial for the latitude of Wash- 
ington ? 

27. Describe a vertical dial facing the south for the latitude 
of Edinburgh ? 

28. What is the moon's greatest altitude to the inhabitants 
of Dublin 1 

29. What is the sun's greatest altitude at the southern ex- 
tremity of Patagonia ? 

30. At what hour at London, on the 15th of August, will 
the Pleiades be on the meridian of Philadelphia ? 

31. If a comet, whose longitude was 4 signs 5 deg., and 
latitude 44 deg. north, appeared in Ursa-Migor, in what part 
of the constellation was it ? 

32. On what point of the compass does the sun set at 
Madrid, when constant twilight begins at London ? 

33. What is the difference between the duration of twi- 
light at Petersburgh and Calcutta, on the 1st of February? 

34. How much longer is the 10th of December at Madras 
than at Archangel ? 

35. How much longer is the 5th of May at Archangel 
than at Madras ? 

36. When it is two o'clock in the afternoon at London, on 
the 15th of February, to what places is the sun rising and 
setting, and where is it noon ? 

37. Whether does the sun shine over the north or south 
pole on the 17th of April, and how far? 

33. At what hour on the 18th of April will the sun's alti- 
tucfe, and azimuth from the east towards the south, be each 
40 deg. at London ? 

39. Which way must a ship steer from Rio Janeiro to the 
Cape of Good Hope ? 

40. Are the clocks at Philadelphia faster or slower than 
those at London, and how much ? 

41. Are the clocks at Calcutta faster or slower than the 
clocks at London, and how much ? 

42. What is the difference of latitude between Copenhagen 
and Venice ? 

43. There is a place in latitude 31 deg. 11 min, north, 
situated, by an angle of position, south-east by east \ east 
from London ; what place is that, and how far is it from 
London 10 English miles ? 

44. On the 6th of October, 1844, the right ascension 
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of Venus was 9 deg. 56 min., declination 1 1 deg. 37 min. 
north ; did Venus rise before or after the sun, and how 
much? 

■ 45. On the 9th of September, 1845, the right ascension 
of Venus was 13 deg. 5 min., declination 6 deg. 30 min. 
south; did Venus rise before or after the sun, and how 
mtieh ? 

. 46. On the 26th of December, 1845, the right ascension of 
the planet Jupiter was 1 deg. 57 min. declination 10 deg. 
37 min. north ; at what hour did he rise, come to the meri- 
dian, and set at London ? 

47. On the Ist of January, 1846, the moon's right ascen- 
sion at noon was 22 hrs. 4 min., declination 6 deg. 39 min. 
south; required her setting amplitude at London, and the 
hour and azimuth, when she is 25 deg. above the horizon ? 

48. The moon's right ascension on the 5th of November, 
1845> at midnight, was 20 hrs. 18 min., declination 14 deg. 
23 min. south ; required the time of her rising, coming to the 
meridian, and setting at London, and the time of high water 
at London Bridge ? 

49. To what places of the earth was the moon vertical 
on the 7th of February, 1845, her right ascension at mid- 
night being 12 hrs. 1 1 min. ; and declination 6 deg. 50 min. 
south? 

50. On the 1st of January, 1845, the moon's ascending 
node was 8 signs 12 deg. 52 min. ; where was the descending 
node ? 

51. The moon's declination at midnight, on the 1st of 
November, 1845, was 16 deg. 18 min. south ; to what places of 
the earth was she vertical ? 

52. What stars are constantly above the horizon of 
Copenhagen ? 

53. I observed the altitude of Betelgeux to be 19 deg., 
and that of Aldebaran 40 deg. ; they bcrtli appeared in the 
same azimuth, viz. exactly east ; what latitude was I in ? 

• 54. In what latitude is Aldebaran on the meridian when /3 
in the Lion's tail is rising ? 

55: In what latitude is Rigel setting when Regulus is on 
the meridian ? 

56. In what latitude are the pointers in the Great Bear on 
the meridian when Vega is rising ? 

57. In latitude 79 deg. north, on the Ist of February, at 
what hour will Procyon and Regulus have the same altitude? 

s 



386 A FBomsouous collectioic of [piBTir* 

68. At what hour on the 10th of Febroaxj will Capella 
and Procyon have the same azimuth at London ? 

59. On the 10th of November at eight o'clock in the even* 
ing, Bellatrix in the left shoulder of Orion was rising : what 
was the latitude of the place ? 

60. On the 16th of Februarj, Arcturus rose at eight o'clock 
in the evening ; what was the latitude ? 

61. At what hour of the night, on the 16th of Febmarj, 
will the altitude of Regulus be 28 deg. at London ? 

62. Required the cdtitude and azimuth of Markab in 
Pegasus, at London, on the 21st of September, at nine o'cloek 
in the evening ? 

63. On what day of the month, and in what month, will 
the pointers of the Great Bear be on the meridian of Lcndoii 
at midnight ? 

64. What inhabitants of the earth have the greatest por- 
tion of moonlight ? 

65. On what day of the year will Altair, in the Eagle, 
come to the meridian of London with the sun ? 

66. Jn what latitude north is the length of the longest day 
eleven times that of the shortest ? 

67. Li what latitude south is the longest daj eighteea 
hours? 

68. At what time does the morning twilight begin, and 
what time does the evening twilight end, at Philadelphia, on 
the 15th of January ? 

69. When it is four o'clock in the afternoon at London^ <A 
the 4th of June, where is it twilight? 

70. Required the antipodes of Cape Horn ? 

71. Required the perioeci of Philadelphia?' 

72. Required the antoaci of the Sandwich Islands ? 

73. What is the angle of position between London and 
Jerusalem ? 

74. Required the nearest distance betttreen London and 
Alexandria, in English and in geographical miles ? 

75. Li what latitude north does &e sun begin to shine, con- 
stantly on the 10th of April ? 

76. How long does the sun shine without- setting at the 
north pole ; and what is the duration of dark night ? 

77. Where is the sun vertical when it is midnight at Dublin 
on the 15th of July ? 

78. When it is five o'clock in the evening at Philadelphia, 
where is it midnight, and where is it noon ? 
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79. What plAoes have the same hoars of the day as 
Edinburgh ? 

80. What places hare opposite hours to the respective 
capitals of Europe ? 

81. At what hour at London is the sun due east at the 
time of the equinoxes ? 

82. At what hour at London is the sun due east at the 
time of the solstices ? 

83. In what climates are the following places situated, viz. 
Philadelphia, Madrid, Drontheim, Trincomal^, Calcutta, and 
Astracah ? 

84. On what day of the year does Regulus rise heliacally 
at London ? 

85. On what day of the year does Betelgeux set heliacally 
at London ? 

86. What stars set acronioally at London on the 24th of 
December? 

87. What stars rise acronically at London on the 12th of 
December ? 

88. In what latitude north do the bright stars in the head 
of the Dolphin, and Altair in the Eagle, nse at the same 
hour? 

89. In what latitude north do Capella and Castor set at 
the same hour, and what is the difference of time between 
their coming to the meridian ? 

90. What stars rise cosmically at London on the 7th of 
December ? . 

91. What stars set cosmically at London on the 10th of 
December ? 

92. What degrees of the ecliptic and equinoctial rise with 
Aldebaran at London ? 

93. On what day of the year does Arcturus come to the 
meridian of London, at two o'clock in the morning ? 

94. On what day of the year does Regulus come to the 
meridian of London, at nine o'clock in the evening ? 

95. At^v^hat time does Vega in Lyra come to the meridian 
of London, on the 1 8th of August ? 

96L Trace out the galaxy or milky-way on the celestial 
globe. 

97. If the meridian altitude of the sun on the 7th of June 
be 50°, and south of the observer, what is the latitude of the 
place? 

8 3 
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98. Bequired the sun's right and ohlique ascension at 
London at the equinoxes ? 

99. Bequired the sun's right ascension, oblique ascension, 
ascensionsd difference, and time of rising and setting at Lon- 
don, on the 5th of May ? 

100. K the sun's rising amplitude on the 7th of June be 
24^ to the northward of the east, what is the latitude of the 
place ? ' ,' ' 

lOL What stars have nearly the following degrees of right 
ascensions and declinations ? 



7° lO' R.A. 29° 45' D.N. 

14 38 R.A. 34 33 D.N. 

135 59 R.A. 3 10 D.N. 



162° 49' R.A. 62° 50' D.N. 
244 17 E.A. 25 58 D.S. 
238 27 R.A. 19 15 D S. 



102. Describe an horizontal sun-dial, for the latitude of 
Edinburgh ? 

103. What is the length of the day on February 14th at 
London, and how much must the sun's declination decrease 
to make the day an hour longer ? 

104. What hour is it at London when it is 17 minutes past 
4 in the evening at Jerusalem r 

105. On the 21st of June the sun's altitude was observed 
to be 46 deg. 25 min., and his azimuth 112 deg. 59 min. from 
the north towards the east, at London ; what was the hoar 
of the day ? 

106. Given the sun's declination 17 deg. 2 min. north, and 
increasing ; to find the sun's longitude, right ascension, and 
the angle formed between the ecliptic and the meridian pass- 
ing through the sun ? 

107. Given the sun's right ascension 225 deg. 18 min. to 
find his longitude, declination, and the angle formed between 
the ecliptic and the meridian passing through the sun ? 

108. Given the sun*8 longitude 26 deg. 9 min. inb; to 
find his declination, right ascension, and the angle formed 
between the ecliptic and the meridian passing through the 
sun? 

109. Given the sun's amplitude 39 deg. 50 min. from the 
east towards the north, and lus declination 23^ deg. north ; to 
find the latitude of the place, the time of the sun's rising and 
setting, and the length of the day and night ? 

110. At what time on the 1st of April will 'Arcturus 
appear upon the 6 o'clock hour-line at London, and what 
will his altitude and azimuth be at that time ? 
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111. iRequired the altitude of the sun, and the hour he 
wiJl appear due east at London, on the 20th of May ? 

112. At what hours will Arcturus appear due east and 
west at London, on the 2nd of April, and what will its alti- 
tude be ? 

113. At London, the sun's altitude was observed to be 
25 deg. 30 min. when on the prime vertical ; required his 
declination, and the hour of the day ? 

114. On the 12th of April, 1845, the moon's right ascen- 
sion at midnight was 6 hrs. 10 min., and her declination 
20 deg. 20 min. north ; required her distance from Regulus, 
Procyon, and Betelguex, at that time ? 

115. The distance of a comet from Sirius was observed 
to be 66 deg., and from Procyon 51 deg. 6 min. ; the comet 
was westward of Sirius ; required its latitude and longitude ? 

116. Find the Golden Number, the Epact, Sunday Letter, 
the Number of Direction, the Paschal full moon, and Easter 
day, for the years 1843, 1844, and 1845, distinguishing the 
leap years. ' 

117. The declination of y in the head of Draco is 51 deg. 
30 min. north ; to what places will it be vertical when it 
comes to their respective meridians ? 

118. When is it four o'clock in the evening at London on 
the 4th of May, to what places is the sun rising and setting, 
where i6 it noon and midnight, and to what place is the sun 
vertical ? 

119. At what time does the sun rise and set at the North 
Cape, on the nortn of Lapland, on the 5th of April, and 
what is the length of the day and night ? 

120. At what time does the sun rise at the Shetland 
Islands when it sets at four o'clock in the afternoon at Cape 
Horn ? 

121. Walking in Kensington Gardens on the I7th of May, 
it was 12 o'clock by the sun-dial, and wanted eight minutes 
to twelve by my watch ; was my watch right ? 

122. If the sun set at nine o'clock, at what time does it 
rise, and what is the length of the day and night ? 

123. Where is the sun vertical when it is five o'clock in 
the morning at London on the 15th of May ? 

- 124. At what hour does day break at London on the 5th 
of April ? 

^ 125. If the tnoon was 22 days old on the 27th of June, 

s 3 
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1845, at what time did she rise^ cuhninate^ and set at 
London ? 

126. On what da^ of the month, and in what month, does 
the sun rise 24 deg. to the north of the east at London ? 

127. When the sun is rising to the inhabitants of London 
on the 8th of May, where is it setting ? 

128. When the sun is setting to the inhabitants of Cal- 
cutta on the 18th of March, where is it midnight ? 

129. What is the difference between the ciromnference 
of the earth at the equator and at Petersburgh, in Eziglish 
miles ? 

130. At what hour does the sun rise at Barbadoea when 
constant twilight begins at Dublin ? 

131. When the sun is rising at Owhyhee on the 18th of 
May, where is it noon ? 

132. At what hour does the sun rise at London when it 
sets at seven o'clock at Petersburgh ? 

133. How high is the north polar star above the horizon 
of Quebec ? 

134. How many English miles must an inhabitant of 
London travel southward, that the meridian altitude of the 
north polar star may be diminished 25 deg. ? 

135. How many English miles must I sail or travel 
westward from London that my watch may be seven hours 
too fast? 

136. What place of the earth has the sun in the zenith, 
when it is seven o'clock in the morning at London, on the 
25th of April ? 

137. On what day of the month, and in what montbi is 
the sun's ^unplitude at London equal to one-third of the 
latitude ? 

138. On what month and day is the sun's amplitude at 
London equal to the latitude of Kingston, in Jamaica ? 

. 139. if the moon was 25 days old on the 3rd of April, 
1845, what is her longitude ? 

140. K the highest point of Mont Blanc be 5101 yards 
above the level of the sea, what would be its altitude on a 
globe of 18 inches in diameter ? 

141 . If the polar diameter of the earth be to the equatorial 
diameter as 229 is to 230, what would the polar diameter 
of a three-inch globe be, if constructed on this principle ? 

142. What inhabitants of the earth, in the course of 12 
hours, will be in the same situation as their antipodes ? 
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143. On what day of the year at London is the twilight 
8 hours long ? 

144. At what time does the snn rise and set at London, 
when the inhabitants of the north-pole begin to have dark 
night? 

145* At what hour does the son set at the Cape of Good 
Hope, when total darkness ends at the north pole ? 

146. What is the moon's longitude if full moon happened 
on the 22nd of April, 1845 ? 

147. Does the sun ever rise and set at the north pole ? 

148. At what hour of the day, on the 15th of April, will 
a person at London have his shadow the shortest possible ? 

149. K the precession of the equinoxes be 50^ seconds in 
a year, how many years will elapse before the constellation 
Aries will coincide with the solstitial colure ? 

150. If l^e obliquity of the ecliptic should continually 
diminish at the rate of 0*457 seconds in a year, as stated by 
Bessel, how many years will elapse from the 1st of January, 
1845, when the obliquity of the ecliptic was 23** 27' 34-23'' 
before the ecliptic will coincide with the equinoctial ? 

151. Requii^ the duration of dark night at the south of 
Nova Zembla ? 

152. When constant twilight ends at Petersburgh, where 
is the day 18 hours long ? 

153. At what hour does the sun set at Constantinople, 
when it rises 12^ to the north of the east ? 

154. What is the difference between a solar and a side- 
real year, and what does that difference arise from ? 

155. What is the difference between the length of a 
natural or astronomical day and a sidereal day, and how does 
the difference arise ? 

156. Eequired the difference between the length of the 
longest day at Cape Horn and at Edinburgh ? 

157. If one man were to travel eight miles a day west- 
ward round the earth at the equator, and another two miles 
a day westward round it in the latitude of 80 deg. north ; in 
how many days would each of them return to the place 
whence he set out ? 

158. If a pole of 18 feet in length be placed perpendicular 
to the horizon of London on the 15th of July, and another 
exactly of the same length be placed in a similar manner at 
Edinburgh, which will cast the longer shadow at noon ? 

159. If the moon be in 29 deg. <S Leo at the tisoA Q^ixkss^R 
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mooii) what sign and degree will she be in when she is five 
days old ? 

160. What is the duration of constant daj or twilight at 
the north of Spitzbergen ? 

161. Wh^t place upon the globe has the greatest longi- 
tude, the least longitude, no longitude, and every longitude? 

162. In what latitude is the length of the longest day, to 
the length of the shortest, in the ratio of 3 to 2 ? 

163. If a man of 6 feet high were to travel round the 
earth, how much farther would his head go than his feet ? 

164. On what day of the week did the 10th of January 
fall in the year 1845 ? 

165. At what hour in the afternoon, London time, on the 
21st of June, will the shadow of a pole 10 feet high at Bar- 
badoes, be the same length as the meridional shadow of a 
similar pole at London on the same day ? 

166. One end of a wall declines 30 degrees from the east 
towards the north, and the other end 60 degrees from the 
south towards the west in latitude 5P 30' N., at what hour 
oh the 21st of June does the sun begin to shine on the south 
of the wall, and at what hour does it leave it ? , 

167. The south wall of a church declines 12^ 30' towards 
the east, in latitude 52^ N., against which a vertical dial is 
fixed ; for how many hours will the sun shine upon that dial 
on the 10th of May ? 

168. A clock, with a pendulum that beats seconds, and 
kept true time on the surface of the earth, was carried to the 
top of a mountain, and there lost 3 seconds in an hour, what 
wiAS the height of the mountain ? 



Chapter IT. 

A Collection of Questions, with References to the Pages 
: where the Answers will he found; designed as an As' 
sistant to the Tutor * in the examination of the Student 

1. How many kinds of artificial globes are there ? 

* Though a reference be given to the pages where the answers to each 
question may be found ; yet, perhaps, it would be better for the student 
not to learn the answers by heart, Terbatim from the book ; but to finune 
an answer himself, ftova. an attentive perusal of his lesson : by which 
means the understanding will be cabled into exercise as well aa the 
memory. 
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2. "What -does the surface of the terrestrial globe represent, 
and which way is its diurnal motion ? (page 1.) 

3. What does the surface of the celestial globe exhibit, 
which way is its diurnal motion, and where is the student 
supposed to be situated when using it ? 

I. GREAT CIRCLES ON THE TERRESTRIAL GLOBE. 

1. What is a great circle, and how many are there 
drawn on the terrestrial globe ? {Definition 6, page 2.) 

2. What is the equator, and what is its user {I>eJ] 10. 
page 3.) 

3. What are the meridians, and how many are drawn on 
the terrestrial globe ? {Def. 8, page 2.) * 

4. What is the first meridian ? (Def. 9, page 3.) 

5. What is the ecliptic, and where is it situated ? (Def. 
11, page 3.) 

6. What are the colures, and into how many parts do they 
divide the ecliptic? (JD^f, 14, page 4.) 

7. What are the hour-circles, and how are they drawn on 
the globe ? {Def. 50, page 11.) 

8. What hour-circle is called the six o'clock hour-line ? 
(Z>e/.51,pagell.) 

9. What are the azimuth or vertical circles, and what is 
their use ? {Def. 43, page 10.) 

10. What is the prime vertical ? {Def 44, page 10.) 

II. SUXLL circles ON THE TERRESTRIAL GLOBE. 

1. What is a small circle, and how many are generally 
drawn on the terrestrial globe ? (Def 7, page 2.) 

2. What are the tropics, and how far do they extend from 
the equator, &c. ? {Def. 16, page 5.) 

3. What are the polar circles, and where are they situated? 
(Def 17, page 5.) 

4. What are the parallels of latitude, and how maxiy 
are generally drawn on the terrestrial globe ? {Def 1^5 
page 5.) 

5. What circles are called Almacanters? (Dej- 4U, 
page 10.) 

III. GREAT circles ON THE CELESTIAL GLOBE* 

1. How many GREAT circlbs are drawn on tbe cel^atial 

globe? 

t 5. 
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2. The lines of terrestrial longitude are perpendicular to 
the equator, on the terrestrial globe, and all meet in- the 
poles of the world ; to what great circle on the globe are the 
lines of celestial longitude perpendicular, and on what points 
of the globe do they all meet ? 

3. What are the colures, and into how many parts do they 
divide the ecliptic ? {Def, 14, page 4.) 

4. What is the equinoctial, and what is its use ? (De/. 

10, page 3.) 

5. What is the ecliptic^ and where is it situated ? {Def, 

1 1, page 3.) 

6. What is the zodiac, and into how many parts is it 
divided ? {Def. 12, page 3.) 

7. What are the signs ot the zodiac, and how are they 
marked ? {Def. 13, page 3.) 

8. Which are the spring, summer, autumnal, and winter ' 
signs ; and on what days does the sun enter them ? {Def. 
13, page 4.) 

9. Which are the asoending and descending signs ? {Def. 
13, page 4.) 

lY. SMALL CmCLES ON THE CELESKAL GLOBB. 

1. How many small circles are drawn on the celestial 
globe? 

2. What are the tropics, and how far do they extend from 
the equinoctial ? {Drf. 16, page 5.) 

3. What are the polar circles, and where are they situ- 
ated? {Def. 17, page 5.) 

4. What are the parallels of celestial latitude? (Z)«/. 41, 
page 10.) 

5. Wbat are the parallels of declination? (Def. 42, 
page 10.) 

Y. THE BRASS MERIDIAN, AND OTHER APPEKDAOSS TO 

THE GLOBES. 

1. What is the brazen meridian, and how is it divided 
and numbered ? {Def 5, page 2.) 

2. What is the axis of the earth, and how i it represented 
by the artificial globes ? {Def 3^ page 1.) 

8. What are the poles of the world ? {Def 4, pagse 2.) 
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4. What are the hour-circles, and how are they divided ? 
(Def. 19, page 5.) 

6, What is the horizoD, and what is the distinction be- 
tween the rational and sensible horizon? {J^ef, 20, 21, and 
22, pages 5 and 6.) 

6. What is the wooden horizon, and how is it divided ? 
(I?^/ 23, page 6.) 

7. What is the mariner's compass, how is it divided, and 
what is the use of it on the globe ? {I^ef, 33, 34, and note, 
pages 8 and 9.) 

8. What is the quadrant of altitude, how is it divided, 
and what. is its use? {Def. 37, page 9.) 

VI. POINTS ON, AND BELONGING TO, THE GLOBES. 

1. What is the pole of a circle ? {Def. 29, page 7.) 

2. What is the zenith, and of what circle is it the pole ? 
{Def. 27, page 7.) 

3. What is the nadir, and of what circle is it the pole ? 
{Def. 28, page 7.) 

4. What are the cardinal points of the horizon ? {Def 

24, page 7.) 

5. Wiiat are the cardinal points in the heavens ? {Def 

25, page 7.) 

6. What are the cardinal points of the ecliptic, and which 
ore the cardinal signs ? {Def, 26, page 7.) 

7. What are the equinoctial points? (i)ef. 30, page 7.) 

8. What are the solstitial points ? {Def 31, page 7.) 

9. What is ihe culminating point of a star, or of a planet ? 
(i>e/. 52, page 11.) 

10. What are the poles of the ecliptic, how far are they 
from the poles of the world, and in what circles are thej 
situated ? {Def. 29, page 7.) 

yn. LATITUDB AND LONGITUDE ON THE TEBBBSTRIAL 

GLOBE, THE DIVISION OF THE GLOBE INTO ZONES AND 

CLIMATfiS, THE POSITIONS OF THE SPHEBE, THE SHADOWS 

AND POSITIONS OF THE INHABITANTS WITH BESPEGT TO 

>EACH OTHER. 

1. What is the latitude of a place on the terrestrial globe ? 
{Def. 85, page 9.) 

8 6 
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2. What is the longitude of a place on the terrestrial 
globe ? {Def, 38, page 10.) 

3. What is a zone, and how many are there on the ter- 
restrial globe ? {Def» 70, page 17.) 

4. What is the situation, and what is the extent of the 
torrid zone ? {Def, 71, page 17.) 

5. Where are the two temperate zones situated, and what 
is the extent of each ? {Def. 72, page 18.) 

6. Where are the two frigid zones situated, and what is 
the extent of each? {Def. 73, page 18.) 

7. What is a climate, and how many are there on the 
globe ? {Def 69, page 15.) 

8. Have 2XL places in the same climate the same atmo- 
spherical temperature ? (Chap. X. page 157.) 

9. How many different positions of the sphere are there? 
{Def. 6^, page 15.) 

10. What is a right sphere, and what inhabitants of the 
globe have this position ? {Def 6^, page 15 ; jsee likewise 
Prob. XXIL page 277.) 

11. What is a parallel sphere, and what inhabitants of 
the globe have this position ? {Def 67, page 15 ; and Prob. 
XXn. page 278, &c.) 

12. What is an oblique sphere, and what inhabitants of 
the globe have this position ? {Def 68, page 15 ; and Prob, 
XXIL page 280, &c.) 

13. What parts of the globe do the AMPHiscn inhabit, 
and why are they so called ? {Def 74, page 18.) 

14. When do the Amphiscti obtain the«name of Ascn? 

15. What parts of the globe do the Heteroscu inhabit, 
and why are they so called ? {Def 75, page 18.) 

16. What parts of the globe do the PiRiscn inhabit, and 
why are they so called ? {Def 76, page 18.) 

17. What inhabitants are called Antceoi to each other, 
and what do you observe with respect to their latitudes, 
longitudes, hours, &c. {Def 77, page 18.) 

18. What inhabitants are called Fbricboi to each other, 
and what is observed with respect to their latitudes,* longi- 
tudes, hours, seasons, &c. ? {Def 78, page 18.) 

19. What are the Antipodes, and what is observed 
with respect to their seasons of the year, &c. ? {Def 79, 
page 19.) 
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VIII. LATITUDES AND LONGITUDES OP THE S^TABS AND 
PLANETS ON THE CELESTIAL GLOBE, ETC., TOGETHER WITH 
THE POETICAL RISING AND SETTING OP THE SXARS, ETC. 

1. What is the latitude of a star or planet ? {Def, 36, 
page 9.) 

2. What is the longitude of a star or planet ? {Def. 39, 
page 10.) 

3. What are the fixed stars, and why are they so called ? 
(Def. 89, page 23.) 

4. What is a coi;istellation, and how many are there on 
the celestial globe? (J^ef. 91, page 23 ; see the tables, 
pages 24, 25, and 26.) 

6. What is meant by the poetical rising and setting of the 
stars ? (Def. 90, page 23.) 

6. When is a star said to rise and set cosmically ? 

7. When is a star said to rise and set acronically ? 

8. When is a star said to rise and set heliacally ? 

9. What is the Via Lactea, and through what constel- 
lations does it pass ? (Def. 92, page 33.) 

10. What kind of stars are termed nebulous? (t)ef, 93, 
page 33.) 

11. How are the stars, which have not particular names, 
distinguished on the celestial globe ? {Def. 94, page 33.) 

IX. DEFINITIONS AND TERMS COMMON TO BOTH THE 

GLOBES. 

1. What is the declination of the sun or star, or planet ? 
(Def 15, page 4..) 

2. What is a hemisphere ? (Def 32, page 8.) 

3. What is the altitude of any object in the heavens ? 
{Def 45, page 10.) 

4. What is the meridian altitude of the sun, a star, or 
planet ? 

5. What is the zenith distance of a celestial object ? 
(Def 46, page 10.) 

6* What is the polar distance of a celestial object ? (Def 
47, page 11.) 

. 7. What is the amplitude of a cde&\i\dX OcJ^^^sXl VJ^^J;.^, 
page 11.) 
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8. WLat is the azimuth of a celesti^ object? {Def:&, 
page 11.) 

9. %Vhat is the right ascension of tbe sun, or of a stir, 
&C. F {Def. 80, pBge 19.) 

10. What 13 the obHque aficenaion of the sun, or of a sUr, 
&c ? {Def- 81, page 19.) 

-11. What is the oblique descension of the sun, or of a 
star, &c. ? {Def. 82, page 19.) 

12. What is the ascensional or descensional diffeienee? 
{D^. 83, page 19.) 

X. TIXE: T£AII8, DATS, ETC. 

1 . What ia a solar or tropical year, and what is the length 
of it? (Def.62, page 13.) 

2. What is a sidereal }rear, and what ie its duration? 
(Def. 63, page U.) 

8. What ia an aatronomical day? {D^. 58, page 12.) 

4. What is a mean solai- day ? (Def. 57, page 12.) 

5. What is a true solar day ? (Def. 56, page 12.) 

6. What is an artificial day? (Dif. 59, page 13.) 

7. What J9 a mil day ? {Def. (iO, page 13.) 

8. What is a sidei-eal day } {Def. 61, page 13.) 

9. What is meant by apparent noon, or apparent tjise? 
(Def. 53, page 12.) 

1ft What is true or mean noon? {Def. 54, page 12.) 

11. What is the equation of time at noon 7 (Def, 55,paga 
12.) 

12. Wlat is a calendar ? (page 234.) 

13. What method of computing time is followed by most 
savage nations? What civilised naticme employ a Inntr 
chronology ? What is the length of their year ? (page 23J.) 

1 4. What chrono1<^7' was used at Btnae before the time <u 
Jolias Cffisar? What alteradcms did he make in tbe calen- 
dar ? What was the yearly amount of error ic his mode of 
reckoning? 

15. By whom was this error corrected ? Wlien, and how ? 
What olterftions did he make to prevent the recurrence of 
such an error ? (page 236.) 

16. Give an account of the amount of error of the Gi^pf 
rian calendar. By what additional correction might it bs 
made- more perfect ? Wliat would the amount of enw be in 
that case ? , . 
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17. When was the Gregorian calendar introduced into 
Germany? Into England? Why was it not earlier intro- 
duced into those countries? What rectification was then 
found necessary to correct the error accumulated in the 
existing calendar ? What alteration was then made in the 
time of the year's commencement? (page 237.) ' 

18. What European nations still adhere to the Julian 
calendar, or Old Style ? By how many days do the dates of the 
Old Style at present differ from those of the new ? 

19. What is the cycle of the moon, and how is it found ? 
(page 238.) 

20. What is the epact, what is its use, and how is it 
found ? (page 238.) 

. 21. What is the cycle of the sun, how is it founds and to 
what use is it applied ? (page 239.) 

22. What is the number of direction, and how is Easter 
found by it ? (page 240.) 

23. How do you find the Paschal full moon and Easter by 
theepact? (page 240.) 

24. What is the Roman Indiction, and how is it found ? 
How do you find the Julian Period ? (page 237.) 

25. In what manner do you find the moon's age, the time 
of new moon, and the time of full moon, by the table, page 
233? 



XL ASTBONQMIGAL AND MISCELLANEOUS DEFINITIONS, ETC. 

1. What do you understand by the precession of the equi- 
noxes, and in what time do they make an entire revolution 
round the equinoctial ? (Dqf. 64, page 14.} 

2. What is the crepusculum or twilight^ and what is the 
cause of it? {£hf, 84, page 19.) 

3. What is refraction, and whence does it arise ? (Def. 
85, pages 19^ 20, 21.) 

4. What is meant by the parallax of the celestial bodies ? 
{I)ef. 86, page 22.) 

5. What is an angle of position between two places? 
{Def. 87, page 22 ; and note, pages 260, 261.) 

6. What are rhumbs and rhumb-lines? (Bef. 88, page 

22.) 

7. What are ^e planets, and Ww \mjk5>5^"^%*^ *^^ 
5alar Bystem ? (Def. 95, page S4-) 
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' 8. What is the distinction between primary and secondary 
planets, and how many secondary planets belong to the solar 
system ? {Def, 96 and 98, pages 34 and 35.) 

9. What is the orbit of a planet ? {Def. 99, page 35.) ' Of 
what figure are the orbits of the planets, and in what part of 
the figure is the sun placed ? (page 204.) 

.10. What are the nodes of a planet ? {Def, 100, page 35.) 

11. What are the different aspects of the planets, and how 
many are there ? {Def. 101, page 35.) 

12. What are the syzygies and quadratures of the moon ? 

13. When is a planet's motion said to be direct, stationary, 
or retrograde ? {Def. 102, 103, and 104, page 3a) 

14. What is a digit? {Def. 105, page 36.) 

15. What is the disc of the sun or moon ? {Def, 106, 
page 3 6.) 

16. What are the geocentric and heliocentric latitudes and 
longitudes of the planets ? {Def, 107 and 108, page 36.) 

17. When is a planet said to be in apogee? i^Def, 109, 
page 36.) 

18. When is a planet said to be in perigee? {Def, 110, 
page 86.) 

19. What is the aphelion or higher apsis of a planet's 
orbit ? {Def. Ill, page 36.) 

20. What is the perihelion or lower apsis of a planet's 
orbit? {Def 112, page 36.) 

21. What is the line of the apsides? {Def 113, page 36.) 

22. What is the eccentricity of the orbit of a planet? 
(Z>e/: 114, page 36.) " 

23. What is the elongation of a planet? {Def 119, page 
37.) 

24. What are the occultation and transit of a planet? 
{Def 115 and 116, page 36.) 

25. What is the cause of an eclipse of the sun ?'^{Def. 117, 
page 36^ 

26. What is the cause of an eclipse of the moon ? {D^» 
118, page 37.) 

27. What are the nocturnal and diurnal arcs described by 
the heavenly bodies? {Def 121 and 120, page 87.) 

28. What is the aberration of a star ? {Def, 122, page 
37.) 

29. What are the centripetal and centrifugal forces? 
{Def 123 and 124, page 38.) 
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30. What is gravity ? {Def. 8, page 46.) 

31. What ia the vis inertias of a body? (JOef, 9, page 48.) 

32. What is matter, and what are its general properties ? 
{Def. 1 and 2, page 42.) 

33- What are extension, figure, and solidity ? {Def. 3, 4, 
and 5, page 42.) 

34. Can matter be divided ad infinitum ? (Def, 6. page 
44.) 

35. What is motion, and what is the distinction between 
absolute and relative motion? {Def, 10, page 49.) 

36. How is the velocity of a body measured, and what do 
you understand by the word force? {Def, 11 and 12, pages 
50 and 51.) 

37. What are Sir I. Newton's three laws of motion? 
(page 52.) 

38. What is compound motion ? (page 53.) 



XII. OP THE STARS. 

1. Enumerate the causes of the apparent motions of the 
fixed stars, (page 195.) 

2. What star is at present the pole star ? How far is it 
from the pole ? When will it be nearest to the pole ? (page 
196.) 

3. What effect has the precession of the equinoxes on the 
right ascension of stars ? On their declination ? On their 
latitude ? On their longitude ? 

4. Explain the cause of precession. Why is it so called ? 
By whom, and when, was it first observed ? By whom was* 
the cause of it discovered ? 

5. The inclination of the ecliptic to the equator is not ab- 
solutely constant : is it increasing or diminishing ? At what 
rate ? Within what limits is this variation confined ? (page 
197.) 

6. Explain the phenomenon of nutation, and its cause. 

7. What effect has the aberration of light upon the appa- 
rent position of a star ? By whom were the phenomena of 
nutation and aberration first observed and explained ? 

8. Why have most of the fixed stars no apparent parallax? 
What is the parallax of 61 Cygni ? Of a Lyrse ? Of a Cen- 
tauri? Bj whom were they ^^ov^x^^^ ^Wav^ Sa* S^aa.^ 
nearest of these to us ? At wliat ^«X\MCiRfc ixQ\a. ^ia» '^^ '^^ 
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How long does its light take in travelling to ns ? Do any of 
the fixed stars shine by the sun's light ? Why so ? (page 
198.) 

9. What is meant by multiple stars? Is this proximity in 
most cases actual or real ? State some of Struve's calcula- 
tions as to the proximity of double stars. As to that of triple 
stars. What proportion of the stars examined hj him were 
found to be multiple stars ? (pages 198, 199.) 

10. What law has been observed to govern the motions of 
multiple stars ? From what cause must such motion neces- 
sarily be derived ? What inference do you draw from this ? 
(page 199.) 

11. State the periods of the double stars whose motions 
have been calculated. What is the longest period with which 
you are acquainted ? Of how many stars does the multiple 
star, c and 5 Lyrae, consist ? -Give some account of the 
motions of its constituent stars. 

12. What are the colours of some of the most remarkable 
fixed stars ? Are the constituents of the double stars usually 
the same or different in colour ? A remarkable peculiarity 
is observed in the association of colours in many of the double 
stars : state what it is. Is this association of colours real, or 
does it arise from an optical delusion ? Why so ? 

13. Several stars vary periodically in brightness : what 
law has been detected in these variations ? Give an account 
of the variations of Algol. Of how many stars have the 
periods of variation been calculated ? What is the shortest 
observed period? What the longest ? (page 201.) 

14. Stars, previously seen, have been known to disappear ; 
stars, before unknown, to become visible : can you give any 
instances ? Give a remarkable instance of variation in the 
brightness of a star as observed by Sir J. HerscheL 

15. Have stars been ever known to change their colour? 
Give an instance, (page 202.) 

16. What do you mean by an astral system ? What is the 
form of the astral system to which we belong ? What is the 
milky way ? What is its appearance as seen from the earth ? 
(page 190.) In what part of our astral system does our 
Solar system lie ? 

17. What is Professor Madler's theory respecting our 
astral system ? How far is the supposed central sun from 
us ? How long does its light take in travelling to the earth ? 
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18. What are nebulce ? What are they supposed to con- 
sist of? How may their distance be calculated? How far 
are some of them supposed to be from us ? 

19. What was the theory of Sir W. Herschel and Laplace 
respecting the nebula f 

Xm. THE SOLAS SYSTEM AND THE SUN. 

I. Of what bodies is the solar system composed ? (page 
203.) 

2^ State the theories respecting fhe solar system j of (1) 
the earliest astronomers, (2) Thales, (3) Pythagoras, (4) 
Hipparchus, (5) Ptolemy, (6) Copernicus, (7) Tydio Brahe, 
(8) Kepler, (pages 203, 204.) 

3. Which of these is the correct theory, and how and by 
whom was its correctness proved ? (pages 204, 205.) 

4. What reason is there for believing in the universality 
of the laws of motion and attraction ? (page 205.) 

5. In what direction do the planets move ? 

6. Give an illustration of we relative magnitudes of the 
sun and planets. 

7. What reason is there for supposing that the planets do 
not shine by their own light ? (page 206.) 

8. What is the sun's distance &om the earth, and how is it 
calculated ? 

' 9. What is the sun's diameter, and how is it calculated ? 

10. What is the period of the sun's rotation on its axis, 
and what is the inclination of its axis to the ecliptic ? 

II. Has tiie sun any other motion? 

12. Give the proportions of the sun's volume, density, and 
mass to those of the earth, (pages 206, 207.) 

13. Of what nature is th,e sun supposed to be? On what 
grounds is this opinion formed ? 

14. What is the zodiacal light ? When is it visible, and 
what is the cause of it ? (page 207.) 

XIV. OP MERCURY Jf. 

1. Give an account of the apparent path of Mercury in 
the heavens. What is his angle of greatest elongation ftom 
the sun ? (pages 207^ 208.) 



404 QUESTIONS FOR THE EXAMINATION [PABT IV. 

2. What is the form of Mercurjr's real path, and how may 
it be deduced from en observation of his apparent path? 
(page 208.) 

3. Where are the ascending and descending nodes of Mer- 
cury situated ? What is meant by the tranHt of Metcury, 
and how oft^n does it occur ? 

4. Give an explanation of the apparent motions and phases 
of the inferior planets, (pages 208j 209.) 

5. What is meant by the synodical period of a planet? 
Give a formula for calculating the synodical, in terms of the 
sidereal, period of a planet, (page 218.) What is the synodi- 
cal period of Mercury ? His sidereal period ? The indina^ 
tion to the ecliptic, and the mean radius and eccentricity of 
his orbit ? His mean rate of motion in his orbit ? The time 
of his revolution on his axis ? (page 209*) 

6. Give the elements of Mercury in terms of the earth's 
elements. 



XV. OF VENUS ?. 

1. By what names was Venus known to the ancients? 
(page 210.) 

2. What is her angle of greatest elongation from the sun ? 

3. What is the inclination of her orbit to the ecliptic ? Its 
mean radius ? Its eccentricity ? Her mean rate of motioil 
in her orbit? Her sidereal and synodical periods? Her 
period of rotation ? The inclination of her axis of rotation 
to the plane of her orbit ? 

4. Give the elements of Venus in terms of the earth's 
elements. 

5. How often do the transits of Venus occur ? When was 
the last ? When will be the next? 

6. How is the existence of an atmosphere round any hea- 
venly body ascertained ? Has Venus any atmosphere ? - 

7. Do the seasons and the length of the days and nights of 
Venus vary more or less than those of the earth^^uid why? 
Has she much or little twilight, and why ? (page 211.) 

8. Are the irregularities on the surface of Venus great or 
small? How is their existence ascertained ? 
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XVI. OF THE EARTH ®. 

1. What is the figure of the earth ? (page 57.) 

2. Why is Hie earth represented by a globe ? (page 64.) 

3. What proofs have we that the earth is globuhur ? 
(pages 58, 59.) 

4. What would be the elevation of Chimbora^o, the 
highest of the Andes mountains, on an artificial globe of 
18 inches diameter ? (page 59, the note.) 

5. What is a spheroid, and how is it generated ? (page 59, 
the note.) 

6. What is the difference between the polar and equatorial 
diameters of the earth ? (page 61, and the note.) 

7. What is the length of a degree.^ (pages 62, 63, and 
the note.) 

8. What is the use of finding the length of a degree, and 
how can the magnitude of the earth be determined thereby ? 
(page 62.) 

9. Who was the first person who measured the length of a 
degree with tolerable accuracy? (page 63.) 

10. What is the length of a degree according to the French 
admeasurement ? (page 63, the note.) 

11. In what time does the earth revolve on its axis from 
west to east ? (page 65, and Def, 61, page 14, and the note.) 

12. What IS the diameter of the earth ; what is its cir- 
cnmference, and how are they determined ? (pages 62, 63, 
arid the note.) . 

13. What proofs can you give of the diurnal motion of 
the earth ? (pages 65 and 66,) 

14. How do you explain the phenomena of the apparent 
diurnal motion of the sun ? (page 66.) 

15. What proofs can you give of the annual motion of the 
earth? (page 67.) 

16. What IS the distance of the earth from the sun, and 
how is it calculated ? (page 68, and the note.) 

17. At what rate per hour does the earth travel round the 
sun ? (page 69.) 

18. At what rate per hour are the inhabitants of the 
equator carried from west to east by the revolution of the 
earth on its axis, and at what rate per hour are the inha- 
bitants of London carried the same ^^i'y ^ 
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19. How do you explain the motion of the* earth round 
the sun ? (page 70.) 

20. How do you illustrate the phenomena of the different 
seasons of the year? (page 71.) 



XVIL OF THE HOON ]) . 

/ 

1. By what arguments can it be proved that the moon 
moves round the earth? (page 211.) 

2. What is the form of the orbit in which the moon moves 
round the earth? ,Its magnitude? Its inclination to the 
plane of the ecliptic ? 

3. What is meant by the evecUons of the moon ? Give 
some account of them, and of their cause, (page 212.) 

4. What influence has the sun's attraction upon the moon's 
velocity in her orbit? Is this influence uniform or variable? 
Why so ? 

5. What is the length of the moon's sidereal period? Of 
her synodical period ? 

6. What is meant by the moon's nodical period ? What is 
its length ? What is the mean daily rate of motion of the 
moon's nodes, and in which direction does it take place? 
What is the period of a revolution of the moon's nodes? 
(page 213.) 

7. What is meant by the moon's anomalistic^eriod ? Why 
is it so called ? What is its length, and why does it differ 
from her sidereal period ? Wbat is the period of a revolu- 
tion of the moon's apsides ? 

8. In what direction, and in what time, does tbe moon 
rotate on her axis ? Wbat is the inclination of that axis to 
the plane of her orbit ? Does she always show exactly the 
same face to the earth ? Why so ? 

9. What is meant by the moon's libration in longitude, 
and from what cause does it arise ? Why is it so termed ? 
(page 214.) 

10. What is meant by the moon's libration in latitude ? 
From what cause does it arise ? Why is it so termed ? 

11. What is meant by the moon's diurnal libration ? By 
what other name is it known ? 

12. Give an account of the moon's spheroidal libration, 
and its cause. Why is it so called? What appearance 
would the earth have, if viewed from the moon ? (page 215.) 
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13. Give the elements of the moon in terms of those of 
the earth. 

14. Has the moon any atmosphere? Are there any seas 
in the moon ? What are the grounds of this opinion ? Of 
what nature, form, and height are the mountains in the 
moon ? To what changes are the seasons of the moon sub- 
ject ? What is the length of her days and nights ? Has she 
iny twilight ? Why so ? Is she supposed to be inhabited ? 
(pages 215, 216.) 

XVni. OF aiARS (J. 

1. On what grounds do we conclude that the distance of 
Mars from the sun is greater than that of the earth ? 

2. Give an explanation of the apparent motions of the 
superior planets, (pages 217, 218.) 

3. What is the mean radius of the orbit of Mars ? Its 
eccentricity? Its inclination to the plane of the ecliptic? 
The mean rate of motion of IVf ars in his orbit ? His sidereal 
period ? His synodical period ? 

4. What is the diameter of Mars ? The proportion of his 
equatorial to his polar diameter ? The period of his rota- 
tion ? Its direction ? The inclination of his axis to the 
plane of his orbit ? 

5. Give the, elements of Mars in terms of the earth's 
elements. 

6. Has Mars an atmosphere ? What is the colour of the 
surface of the soil in Mars ? What are the white spots round 
his poles supposed to be ? What circumstance gives strength 
to this opinion ? Give, some account of the seasons of Mars, 
and the variation in the length of his days and nights, (page 
219.) 



XIX. OF THE TELESCOPIC PLANETS. 

1. It was from the discovery of a certain law in the dis- 
tances of planets from the sun that astronomers were induced 
to look for a planet between Mars and Jupiter : what is this 
law ? By whom, and when was it discovered ? Has it been 
verified by recent discoveries ? 

2. In what order, at what times, and \x^ -^Vsca. -^w^'t^ "^^^s^ 
telescopic jpianets discovered? (page22iO.^) 
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3. Why are these bodies called the ultra-zodiacal planets? 
What are their several angles of inclination to the ecliptic ? 

4. What are their respective mean distances from the 
sun ? Their periodical times ? 

5. Have the diameters of any of them been calculated? 
Are these calculations accurate ? Why so ? Have any of 
these bodies atmospheres ? 

6. What theory has been proposed respecting the tele- 
scopic planets ? What grounds render this probable ? (page 
221.) 

XX. OF JUPITER If, ETC. 

1. What is the radius of Jupiter's orbit? Its eccentri- 
city ? Its inclination to the plane of the ecliptic ? The mean 
rate of motion of Jupiter in his orbit ? His sidereal period? 
His synodical period ? 

2. What is the diameter of Jupiter? The proportion 
of his equatorial to his polar diameter ? The period of his 
rotation ? The inclination of his axis to the plane ' of his 
orbit ? 

3. Give the elements of Jupiter in terms of the earth's 
elements. 

4. How many satellites has Jupiter ? What are their re- 
spective periods and mean distances from Jupiter ? Their 
times of rotation on their axes ? In what direction do th^ 
circulate round Jupiter ? By whom were they discovered ? 

5. What use is made of their eclipses and occultations ? 
What important discovery has been made by the observation 
of their eclipses ? By whom ? When ? (page 222.) 

6. What appearance do Jupiter's belts present, as seen 
from the earth ? What are they supposed to be ? Compare 
the rate of motion of a body on the surface of Jupiter's and 
the earth's equators. Of what is the surface of Jupiter 
composed? Are his seasons, &c., subject to much or little 
variation ? Why so ? 

XXL OF SATURN ^ , ETC. 

' 1. What is the radius of Saturn's orbit? Its eccentricity? 
Its inclination to the plane of the ecliptic ? The mean rate 
of motion of Mars in his orbit ? His sidereal period ? His 
synodical period ? 



I 
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2. What is the diameter of Saturn ? The proportion of 
his equatorial to his polar diameter ? His period of rota- 
tion ? The inclination of his axis to the plane of his orbit ? 
(page 223.) 

3. Give the elements of Saturn in terms of the earth's 
elements. 

4. How many satellites has Saturn ? What are their mean 
distances from him ? Their periods ? Give some account 
of the form and inclination of their orbits ? 

5. In what order, when, and by whom were they dis- 
covered ? 

6. What is the inclination of Saturn's ring to the plane of 
his equator ? Of how many belts does it consist ? What are 
the spaces between the several belts ? Between the ring 
and the planet ? The whole breadth of the ring ? Its thick- 
ness ? In what periods do the rings revolve round Saturn ? 

7. What appearance does Saturn present as seen from the 
earth ? Has he an atmosphere ? Why so ? What appear- 
ance does Saturn's ring present to the inhabitants of the 
planet ? Give some account of the variation in his seasons, 
&c. (page 224.) 



XXII. OF URANUS ^, ETC. 

L By whom, and when was Uranus discovered ? By what 
name was it called by its discoverer ? Why was it termed 
Uranus ? 

2. jWhat is the mean radius of the orbit of Uranus ? Its 
eccentricity ? Its inclination to the plane of the ecliptic ? 
The mean rate of motion of Uranus in his orbit? His 
sidereal period ? His synodical period ? 

3. What is the period of rotation of Uranus ? The in- 
clination of his axis to the plane of his orbit ? 

4. Give the elements of Uranus in terms of the earth's 
elements. 

5. By how many satellites did Sir W. Herschel suppose 
Uranus to be attended ? What values did he assign to their 
respective distances ? To their periodic times ? Which of 
them have been observed by other astronomers ? What two 
remarkable peculiarities do they possess ? (page 225,) ^ 

6. Is Uranus supposed to possess an atmosphere ? Why 
so ? Give some account of his seasons, &c. 

X 
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XXTTT. OP NEPTUNE, ip, ETC. 

1 . What circumstance led astronomers to think that there 
was some other planet beyond Uranus ? Give some account 
of the discovery of Neptune. 

2. What is the mean radius of the orbit of Neptune ? Its 
eccentricity? Its inclination to the plane of the ecliptic? 
The mean rate of motion of Neptune in his orbit ? His side- 
real period ? His synodical period ? The time of his diurnal 
rotation ? The angle of inclination of his axis ? 

3. How many satellites of Neptune have, as yet, been dis- 
covered ? By whom, and when ? What is the period of 
Neptune's satellite? Its mean distance from the planet? 
The inclination of its orbit to the ecliptic ? Its eccentricity? 
The time of the satellite's rotation on its axis ? (page 226.) 

4. What remarkable peculiarity has been observed in the 
brightness of Neptune's satellite? Has a similar peculiarity 
been remarked in any other 8a>tellite ? To what cause is it 
to be attributed ? 

5. What is the diameter of Neptune's ring ? 

XXTV. OP COMETS. 

1. How many comets have been accurately observed? 
How many have been identified as previously observed? 
What are their names and periods ? Of what form are the 
orbits of comets ? 

2. What is meant by the stability of the planetary system ? 
How is it produced ? What is the cause of the instability of 
comets ? 

3. Of what do comets consist ? Of what form are they ? 
State some circumstances, proving the great tenuity of sub- 
stance of comets. Does the same €omet ever vary in form 
or magnitude ? Give an instance, (page 227.) 

XXV. OP THE PHASES OP THE MOON, AND OP ECLIPSES. 

1. In what position is the moon invisible from the earth ? 
In what position is lier whole hemisphere visible ? In what, 
half her hemisphere ? What is meant by the moon's octants? 
In what positions, is the moon's phase gibbous? In what 
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horned ? In what direction are the moon's horns turned ? 
(page 228.) 

2. Explain the phenomenon of the " old moon under the 
new moon's arm." What is the French term for it ? 

3. For how many days in each month is the moon in- 
visible? Give your reasons. 

4. What are meant by the umbra and penumbra of the 
earth or moon ? What is the form of the umbra ? What of 
the penumbra ? (page 229.) 

5. Explain the cause of a solar eclipse. In what case is 
it total ? In what partial ? What is an annular eclipse, and 
in what cases does it occur ? To how large a portion of the 
earth's surface at onco may a total eclipse of the sun be 
visible ? To how large a portion at once may the sun be 
partially eclipsed ? 

6. On what circumstances does the duration of a solar 
eclipse depend ? Why so ? What is the greatest possible 
length of an annular eclipse? What of a total eclipse? 
(page 230.) 

7. How is an eclipse of the moon caused ? In what posi- 
tion of the moon does it occur ? Can there be an annular 
eclipse of the moon ? Why so ? Can a lunar eclipse be 
at the same time visible to some, and invisible to others ? 
Why so ? 

8. On what circumstances does the length of a lunar 
eclipse depend ? What is the greatest possible duration of 
a lunar eclipse ? What of a total lunar eclipse ? 

9. Why are there not a lunar and solar eclipse every 
month ? What is meant by the solar and lunar ecliptic 
limits ? What is their extent ? 

10. What is the smallest possible number of solar eclipses 
in a year ? Give your reasons. What is the greatest possi- 
ble number ? Why so ? What is the smallest, and what the 
greatest, possible number of lunar eclipses in a year ? State 
your reasons, (pages 231, 232.) 

11. What is the smallest possible number of eclipses of 
both kinds in the course of a year? Give your reasons. 
What the greatest ? What proportion of these are lunar, 
what solar, eclipses ? State under what circumstances this 
can occur, and why this is the largest possible number. 

12. What is the proportion of the number of solar, to 
that of lunar, eclipses ? Are more solar eclipses or more 

T 2 
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lunar eclipses visible on the average from the same place? 
Why so ? 

13. Give an explanation of the cycle of eclipses. 67 
whom is it said to have been discovered ? What is the origin 
of the term " Golden Number ? ** 



N.B. The Tutor may extend Me«e quettums to the Geographical Theorems^ 
page 42, to Chap, V, VL VII. Vllh and IX. Tart /., and to Chap, I 
II, and III. Part II. ; alto to the manner oftdving the dijfftrent prif 
biems, Ifc. 



AN 

ETYMOLOGICAL TABLE 



OF 



THE PRINCIPAL SCIENTIFIC TERMS 



HADK USE OP IN THK FORXQOIKG WORK. 



Abxuultion, from (Lat.) ab, from, and erro, to wander. 

Acronycal, from (Greek) oucpoy, a point, and w^, night. 

Aerolithes, from (Greek) ai^p, air, and ?u$05, a stone. 

Altitude, from (Lat. ) aUitudo, height. 

Amphiscii, from ( Greek) ofupt, both, (tjcio, a shadow. 

Antarctic, from ( Greek) ayrt, opposite to, and apKros, a bear. 

Antipodes, from (Greek) cam, and iro8cs, the feet. 

Antoeci, from (Greek) orri, and ouceo;, to dwell. 

Aphelion, frY>m (Greek) airo, from, and ^\ios, the sun. 

Apogee, from (Greek) onro, from, and 717, the earth. 

Apsis, from (Greek) o^is, a bend, as of an arched roof, a ring, a wheel, 

&c. • 

Arctic, from ( Greek) apieros, a bear. 
Ascii, frx>m ( Greek) a, not, or without, and (tjcio, a shadow. 
Astronomy, from (Greek) eumipf a star, and yofws, a law. 
Atmosphere, from (Greek) or/ios, vapour, and aipcupOf a sphere. 
Axis, from (Lat) ago, to act. 
Celestial, frY>m (Lat) ccBlesiit, heavenly. 
Centrifugal, from (Lat) eentrumt the centre, and fugio, I flee. 
Centripetal, from (Lat) centrum, andpeto, I seek. 
Colure, from (Greek) KoXovpos, having the tail cut, mutilated. 
Comet from (Greek) Ko/ii}, hur. 

Constellation, from (Lat) con (for ciim\ VvO\» wA «U\\a, ^%Jw«- 
Cosmical, from (Greek) KwrfAos^ the ^otVd, 
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Dichotomised, from (Greek) iixorofws, tut into two parts. 

Digit, from (Lat) diffitiu, a finger. 

Disc, from ( Greek) Hutkos, a quoit. 

Eccentricity, from (Greek) c«c, out of, and Ktvrpovy centre. 

Eclipse, from ( Greek) cicAciirw, to faint away, or disappear. 

Equinox, from (Lat.) (Bquus, equal, and nox, night. 

Focus, from (Lat.)ybctt«, a fire-hearth. 

Frigid, from (LaU) frigidus, cold. 

Geocentric, from (Greek) yri, the earth, and Keprpov, the centre. 

Gibbous, from (L&t. ) gibbuB, protuberant, hunched. 

Gravity, from (Lat) gravis, heavy. 

Heliacal, from (Greek) fiKios, the sun. 

Heliocentric, from (Greek) ^Xxos, and Kivrpov, the centre. 

Hemisphere, from (Greek) iifiurvs, half, and atfKupa, a sphere. 

Heteroscii, from (Greek) erepos, deviating from, another, and cricia, a 

shadow. 
Horizon, from (Greek) 6pi(oo, to limit 
Latitude, from (Lat.) latitudo, breadth. 
Longitude, from (Lat.) longitudo, length. 
Matter, from (J^at) materia (frx)m mater, amothor). 
Meridian, from (Lat.) mert-dies, mid-day. 
Node, from (Lat) nodus, a knot 
Orbit, from (Lat.) orbita, a track. 

Penumbra, from (Lat) pene, almost, and umbra, a shade or ^adow. 
Perigee, from (Greek) irept, about, near, and yri, the earth. 
Perihelion, from (Greek) irtpi, and ^\tos, the sun. 
Perioeci, from ( Greek) vtpi, and ouccm, to dwelL 
Periscii, from (Greek) vept, and CKta, a shadow. 
Phases, from (Greek) ^>A(ris, appearances exhibited by any body in its 

changes, as those of the moon. 
Phenomenon, from ((jrreek) ^Huyoftai, to appear. 
Planet, from (Greek) irKaniTris, wandering. 
Satellite, from (Lat.) sateUes, an attendant 
Sidereal, from (Lat) sidus, a star. 
Solar, from (Lat) soi, the sun. 
Solstice, from (Lat) sol, and sisto, to stand. 
Synceci, from (Greek) avy, with, together, oucew, to dwell. 
Syzigies, from (Greek) av{vyM, union. 
Terrestrial, from (Lat) terrestris, earthly. 
Torrid, from (Lat.) torridus, hot 
Tropic, from (Greek) rpvKu, to turn. 
Vmhn, horn (Lat) umbra, a shade or shadow. 
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Vernal, from (Lat.) vemus, belon^ng to the spring. 
Zodiac, from (Greek) (cs^ioy, an animal. 
Zone, from ( Greek) C^vri, a girdle. 



The following Words are of less perfect Etymology. 

Almacantar, from almokentor, a word partly Arabic and partly Greek, 
and signifies a circle, having its centre in the same axis with another. 

Azimuth, from cUsemptf an Arabic word, signifying the point or mark. 

Zenith and Nadir are also corruptions of two Arabic terms ; the former 
signifying a point, and applied to the vertical point, or point over head, 
and the latter, the point opposite to the vertex. 



THE END. 



Lomdom: 

Spottuwooob and Bbaw, 

New-fltreet-Sqiura. 



APPROYED SCHOOL BOOKS. 



I. 

MAUNDER'S NEW UNIVERSAL CLASS BOOK: 

a Series of Reading Lessons (original and selected) for every Day in 
the Year ; each Lesson recording some important event in General' 
History, Biography, &c. which happened on the Day of the Month 
under which it is placed, or detailing, in familiar language, inter- 
esting Facts in Science ; also, a variety of Descriptive and Narrative 
Pieces, interspersed with Poetical Gleanings : questions for Rxa- 
mination being appended to each Day's Lesson, and the whole 
carefully adapted to Practical Tuition. New Edition, revised. 
12mo. 58. 

II. 

MRS. PALLISER'S MODERN POETICAL SPEAKER : 

a Collection of Pieces adapted for Recitation, carefully selected 
from the English Poets of the Nineteenth Century. Dedicated, by 
permission, to the Dowager Lady Lyttelton. 12iiio. 6«. 

III. 

THE NEW SPEAKER AND HOLIDAY TASK-BOOK. 

Selected from Classical Greek, Latin, and English Writers: — 
Demosthenes, Thucydides, Homer, Sophocles, Cicero, Livy, Virgil, 
Lucretius, Shakspeare, Milton, Burke, Bacon, &c. By the Rev. 
W. Sewell, B.D. Fellow and Tutor of Exeter College, Oxford 
12mo. 6». 

IV. 

PRINCIPLES OF GEOMETRY, MENSURATION, 

TRIGONOMETRY, LAND-SURVEYING, and LEVEL- 
LING: containing fitmiliar Demonstrations and Illustrations of 
the most important Propositions in Euclid's Elements ; Proofs of 
all the useful Rules and Formulae in Mensuration and Trigono- 
metry, with their Application to the Solution of practical Problems 
in Estimation, Surveying, and Railway Engineering. B^ Thov(.k<$> 
Tatk, Mathematical Master of the ^a\Ao\\a\ ^cv^x.-^ % 'X.xixKcwj^ 
College, Battenea, 12mo. -wilb TVitee Y^mx^^^^ «c^^ '$»e.Nwi«Kv 
Woodcuts, 3s. 6d, 



Approved School Books. 



EXERCISES ON MECHANICS AND NATURAL 

PHILOSOPHY; or, an Easy lutroduction to Engineering. 
Containing various Applications of the Principle of Work ; the 
Theory of the Steam-engine, with Simple Machines; Theorems 
and Problems on accumulated work, &c. By Thomas Tate, Ma- 
thematical Master of the National Society's Training College, 
Battersea. New Edition, with Additions and Improyements. Fcp. 
8vo. 2«. 

VI. 

ALGEBRA MADE EASY. Chiefly intended for the Use 

of Schools. By Thomas Tate, Mathematical Master of the 
National Society's Training College, Battersea. 12g)o. 2«. 

" In which he appears to me, as in his other elementary works, to have suc- 
ceeded eminently in bringing the first steps of exact science within the 
compass of the intelligence of children." — Report on thb Battbrsba Training 
AND Model Schools, bt the Ret. H. Mosblby, M.A. F.R.Su Hee Majesty's 
Inspbctoe of Schools. 

AN ELEMENTARY TREATISE ON ALGEBRA, 

Theoretical and PracticaL By Jambs Thomson, LL..D. Professor 
of Mathematics in the University of Glasgow. New Edition. 
12mo. 5s, 

KEY. 12mo. 4«. ed, 

▼m. 

TREATISE ON THE FIRST PRINCIPLES OF ARITH- 

METIC, after the method of Festaloszi. Designed for the use of 
Teachers and Monitors in Elementary Schools. By Thomas Tate, 
Mathematical Master of the National Society's Training College, 
Battersea. New Edition, with Additions and Improvements. 
12mo. Is, 6d, 

tx. 

A SKETCH OF MODERN AND ANCIENT GEO- 

# GRAPH Y. By Samuel Butler, D.D., late Bishop of Lich- 
riELD, formerly Head-Master of Shrewsbury SchooL New Edition, 
revised by his Son. 8vo. 9s. boards ; 10«. bound. 

z. 

BISHOP BUTLER'S ATLAS OF MODERN GEO- 
GRAPHY; consisting'' of Twenty- three coloured Maps, from a 
new and corrected set of Plates : with a Complete Index. New 
Edition. 8vo. I2s, 

XI. 

BISUOF BUTLER'S ATLAS OF ANCIENT GEO- 
GRAPHY ; consisting o? Twetvt^-Vwo cn\A\xT«d Mape : with 
complete accentuated Index, ^enr 1E.^v\:vot^ <Mm%R\ft^ wi^ is,, 
engraved througViouU Bno, \2t. 



Approved School Books* 



xn. 

BISHOP BUTLER'S GENERAL ATLAS OF ANCIENT 

AND MOD£RN GEOGRAPHY ; consisting of Forty-fiye 
coloured Maps, and Indices. New Edition, corrected. 4to. 24«. 

xiu. 

CUNNINGHAM'S ABRIDGMENT OF BUTLER'S 

GEOGRAPHY; arranged in the form of Question and Answer, 
for the Use of Beginners. New Edition. Fcp. 8vo. 2s. 

XIV. 

BISHOP BUTLER'S OUTLINE GEOGRAPHICAL 

COPY-BOOKS (Ancient and Modern); with the Lines of Lati- 
tude and Longitude only. For the Pupil to fill up, and designed 
to accompany Butler's Geography and Atlases. New Edition. 4to. 
4«. each ; or together, 7«. 6cL 

XV. 

PROGRESSIVE GEOGRAPHY, adapted to the Junior 

Classes in Classical and Commercial Schools. By Richard Hilst. 
18mo. 1«. 6d, 

XVI. 

THE GEOGRAPHY OF PALESTINE OR THE HOLY 

LAND, including Phcenicia and Philistia : with a description of 
the Towns and Places in Asia Minor visited by the Apostles. 
Especially adapted to the purposes of Tuition ; with Questions for 
Examination appended to each Section, and Introductory Remarks 
on the Method of Teaching Geography. By W. M*Lkod, Head 
Master of the Model School, and Master of Method, Royal Mili- 
tary Asylum, Chelsea ; late Master of the Model School, Battersea. 
^ew Edition. 12mo. with Map. Is, 6d, 

" There it firit a full deicription of the natural features of the Holy Land, \U 
mountaini, vallevi, plaint, river*, lakes, &c. ; then an account of its climate and 
productions, of its inhabitants at various timfes ; and, lastly, of its political divi- 
sions. Each of these subjects is treated in a simple and popular manner ; and 
very numerous references to, and quotations from, the Scriptures, show the uae 
that may be made of the work as an aid to the intelligent perusal of the sacred 
volume. The work it so excellent that it is sure to be extensively used.'* 

Educational Times. 

XVII. 

GOLDSMITH'S GRAMMAR OF GENERAL GEO- 

GRAPHT; being an Introduction and Companion to the larger 
Work of the same Author. For the use of Schools and Young 
Persons. New Edition, improved. Revised throughout and cor- 
rected by Hugh Murray, Author of the *' Ecvc^cXsy^^^i^ ^ ^«»- 
graphy." Royal 18mo, with ^ew \\ft^%, "^w^*^ ^^. ^»* ^^« 

KEY, 9d, 



I 



ApptbiSed School Boohs. 



XVIIL 

BOWLING'S INTRODUCTION TO GOLDSMITH'S 

GRAMMAR OF GEOGRAPHY. For the Use of Jwior 
Pupils. New Edition. ISmo. 9d. 

XIX. 

DOWLING'S FIVE HUNDRED QUESTIONS ON 

THE MAPS IN GOLDSMITH'S GRAMMAR OF GENE- 
RAL GEOGRAPHY. New Edition. 18mo. 9dL 

KEY. 18mo. 9d, 

XX. 

GOLDSMITH'S GEOGRAPHY ON A POPULAR 

PLAN. 'New Edition, including Extracts from recent Voyages 
and Travels. ISmo. with Maps, &c 14«. 

XXI. 

A SYSTEM OF GEOGRAPHY. For the Use of Schools, 

on an entirely new Plan. By Thomas Kzith. Author of " A 
Treatise on the Use of the Globes,** &c. .Neir Edition. 12mo. with 
Map, &c. 6». . 

xxu. 

MANGNALL'S COMPENDIUM OF GEOGRAPHY, 

for the use of Schools and Private Families. New Edition, revised 
and corrected. 12mo. 7s. 6d, 

zxm. 

THfi REV. J. HARTLEY'S GEOGRAPHY FOR 

YOUTH. New Edition, containing the latest discoveries. 12mo. 
4«. 6d, 

XXIV. 

THE REV. J. HARTLEY'S OUTLINES OF GEO- 

GRAPH Y. The first Course for Children. New Edition. 
18mo. Sfd, 

XXV. 

HUGH MURIJAY'S ENCYCLOPAEDIA OF GEO- 
GRAPHY;, comprising a complete Description of the Earth: 
exhibiting its Relation to the Heavenly Bodies, its Physical Struc- 
ture, the Natural History of each Country, and the Industry, Com- 
merce, Political Institutions, and Civil and Social State of all Nations. 
New Edition. 8vo. with 82 Maps and 1,000 other M'^oodcuts, 3/. 
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9L SbtUtt CDatalogue of 

BOOKS ON EDUCATION, 

LONGMAN, BROWN, GREEN, & LONGMANS. 



ELEMENTARY GREEK WORKS, LEXICONS, 
GRAMMARS, ETC. 

Kiihner's Elementary Greek Grammar. 

An Elementanr Grammar of the Greek Lan^afve. Bj Dr. Raphael Kiihner, 
Co- Rector of the Lyceum at HanoTer. Tranalated by J. H. Millard, St, John's 
College, Cambridge. 8to. 9i. cloth. 

Questions on Wordsworth's Greek Grammar. 

Examination Questions on the Grace Grammatics Rudiments. In usnxn 
Schnlarum. By CHARLzff Enocldow Master of the Episcopal School. 
Haddington. 12mo. 28. 6d. cloth. 

Uniform with LiddtXl and Seott't Zejrieon. 

An English-Greek Lexicon; 

Containing all the 6n>ek Words used by Writers of good authority: citing the 
Authorities in Chronological Order for e^ery Word used ; explaining the 
Construction ; and giving the Declension or Conjugation of each word when 
irregular ; and marking the Quantities of all doubtful Syllables. By C. D. 
ToNoz, B.A. [In preparation. 

Brasse's Greek Gradus. 

A Greek Gradus ; or, a Greek, Latin, and English Prosodial Lexicon: contaminc 
the Interpretation, in Latin and English, of all words which occur in the Greek 
PoetA, from the Earliest Period to the time of Ptolemjr Philadelphus. By the 
late Rer. Dr. Brarsb. With a Synopsis of the Greek Metres, by the Rev. J. R. 
Major, D.D. New Edit, reriaed by the Rev. F. E. J. Yalpy, M.A. 8to. Ifia. cloth. 

Giles's Greek and English Lexicon. 

A Lexicon of the Greek Language, for the use of Collates and Schools : containing 
—1. A Greek-English Lexicon, combining the advantages of an Alphabetical 
and Derivative Arransement ; 2. A copious English-Greek Lexicon. By the 
Rer. J. A. Giles, LL.D. New Edition. 8to. 21s. cloth. 

'.* llie English-Greek Lexicon, separately. 7s. 6d. cloth. 

Pycroft's Greek Grammar Practice. 

In Three Parts : 1. Lesaons in Vocabulary, Nouns, AdJeetiTeS| and Terba in 
Grammatical order ; 2. Greek, noade out of each column for translation ; 
S. English for re-translation. By the Rev. J.PTcaorT, B.A. 12roo. Ss. Sd. cl. 

Moody's Eton Greek Grammar in English. 

The New Eton Greek Grammar: with the Marks of Accent, and the Qnantity of 
the Penult : containing the Eton Greek Grammar in English, and the SynUx 
and Prosody as used at Eton ; with numerous Alt' tions. By the Rev. 
Clbmbnt MboDT, A.M. New Edition. 12mo. Is. cloth. 

Dr. Kennedy's Greek Grammar. 

GrsBca Grammatice Institntio Prima. Rndimentis Etonensibus quantulum 
potnit immutatis SynUxln de suo addidit B. H. XmtisoT, B.T.P. i'imo. 
4s. 6d. cloth. 

Valpy's Greek Grammar. 

The Elements of Greek Grammar: with Notes. By R. Valft,D.D. New Edit. 
Rvo. 6s. 6d. boards ; boxmd, 7a. Cd. 

Valpy's Greek Delectus, and Key. 

Delectus Sententiarum Gnecarum, ad usum Tironum aeeommodatus : cum 
Notulis et Lexico. Auctore R. Valpt, D.D. Editio Nora, eademque aueta et 
emendata. 12mo 4s. cloth. 

KsT to the ab«ve, being a Literal Translation into English. 12mo. 3a. 4U. sewed. 
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Valpy' 



/'s Second Greek Delectus. 

Second Greek Delectus ; or, New Analecta Minora: intended to be read in Schooli 
between Dr. Valpy's Greek Delectus and the Third Greek Delectns: with 
Enarlish Notes, and a copious Greek and Engliwh Lesicon. By the Bst. 
F. £. J. VA.LPT, M.A. New Edition. 8vo. 9s. U. bound. 



Valpy's Third Greek Delectus. 



la 



The Third Greek Delectus ; or, New Analecta Majora : with English Notes. 
Two Parts. B7 the Rev. F. E. J. Yalpt, M.A. 8vo 15a. 6d. bound. 
*.* The Parts may be had separately. 
Paxt 1. PROSE. 6to. 8«. 6d. bound. .— Pa&t 2. POETRT. 8to. 9s. 6d. bound. 



Dr. Major's Greek Vocabulary. 



Greek Vocabulary ; or, Exerciies on the Declinable Parts of Speech. 
ReT. J. R. Majob, D.D. New Edition. 12mo. 2s. 6d.cloth. 



By the 



Valpy's Greek Exercises, and Key. 

Greek Exercises; being an Introduction to Greek Composition, leading flis 
student Trom the Elements of Grammar to the higher parts of Syntax By 
the ReT. F. E. J. Valpi, M.A. New Edition. 12mo. 6s. 6d. cloth. 

Kby, 12mo. 3s. 6d. sewed. 

Neilson's Greek Exercises, and Key. 

Greek Exercises, in Syntax, Ellipsis, Dialects, Prosody, and Metaphrasis. 1k> 
which is prefixed, a concise but comprcliensive Syntax ; with Observations on 
some Idioms of the Greek Language. By the Rev. W. NxiLaoN, D.D. New 
Edition. 8vo. 5s. boards. — Kex, Ss. boards. 

Howard's Introductory Greek Exercises, and Key. 

Introductory Greek Exercises to those of Huntingford, Dunbar, Neilson, and 
others ; arranged under Models, to assist the learner. By N. Howaju). New 
Edition. 12mo. 6s. 6d. cloth.— Kbt, 12mo. 28. 6d. cloth. 

Dalzel's Analecta Graeca Minora. 

Analects Grseca Minora, ad usum Tironum accommodata. Cnm Notis Phtlo- 
logicis, quas partim collegit, partim scripsit A. Dalsbi,, A.M. Editio nova, 
Cttr& J. Bailet, A.m. Crown 8vo. 6s. boiud. 

Dalzel and Dunbar's Collectanea Graeca Mnjora : 

Ad usum Academicae juventutis accommodatn. Cum Notis Philologicis. Nsw 

Editions. 3 vols. f>vo. £1. 148. 6d. bound. 
Yol. 1. Excerpta ex Variis Orationis Solutse Scriptoribas. Svo. 98. 6d. 

2. Excerpta ex Variis Poetis. Edited by the Rev, Cakom Ta.tb. Svo. Us 

3. Excerpta ex duobus principibus Oratoribus et Variis Poetis. By Gborob 

Ddmbaa, A.m. dvo. 14s. 

Dr. Major's Guide to the Greek Tragedians. 

A Gmde to the Reading of the Greek Tragedians; being a series of articles on the 
Greek Drama, Greek Metres, and Canons of Criticism. Collected and arranged 
by the Rev. J. R. Ma J oa, D.D. New Edition, enlarged. Svo. 9s. doth. 

The Rev. J. Seager'a Translations. 






Bos on the Greek Ellipsis. 

Profeesor Schteffer's Edition, with 
Notes. Svo. 98. 6d. boards. 

Hermann's Elements of 

the Doctrine of Metres. Svo. 88. 6d. 

Hoogeveen on the Greek 

ParticJes. «vo. Ts. 6d. boards. 



the 



Greek 

of 



Maittaire on 

Dialects. From tlie Edition 
Sturzius. Svo. 9s. 6d. boards. 

Viger on the Greek 

Idioms. Abridged and translated 
into Enfihsh, from Profesxor Hct- 
mfuin's last Edition, vrith Original 
Notes. Svo. 9s. 6d. boards. ^"*~ 



The above Five Works may be bad in 2 vols. Svo. £2. 2s. cloth. 
LATIN WORKS, DICTIONARIES, GRAMMARS, ETC. 

Riddle and Arnold's English-Latin Lexicon. 

A Copious EnirUsh-Latin Lexion. founded on the German-Latin nf 



9TA^DARD EDUCATIONAL WORKS. 



Riddle : Questions for Exercise in Latin Composition, 

Adapted to Riddle and Arnold's English-Latin Lexicon. By the Rev. J. E. 
Riddle, M.A. of St. Edmund Hall, Gilford ; Author of ** A Complete Latin- 
English Dictionary," Sec. x2mo. lln the press. 

Riddle's Latin Vocabulary. 

A Progressive Latin-Eaglish Vocabulary: being a List of Common Latin 
Words, with their principal Meanings in English : distinguished according to 
their comparative importance or frequency of use. By Um Rev. J. E. Riddlb, 
M.A. 12mo. 28. doth. 



Riddle's Latin Dictionary. 



A Complete Latin-English and English- Latin Dictionary. For the us* of Coir 
leges and Schools. From the best sources, chiefly German. By the Rev. J. E. 
Bjmnus, M.A. New Edition, corrected and enlarged. 8vo. 3l8. 6d. clotb. 



ftp_-_„i_,_ f The English-Latin Dictionary, 10s. 6d. oloth. 
oeparaieiy ^ q,^ LaSn-English Dictionary, £1. Is. cloth. 

Riddle's Young Scholar's Latin Dictionary. 

nieTousg Scholar's Latin-English and English -Latin Dictionary; being Mr. 
Riddle's Abridgment of his larger Dictionary. ' New Edition, corrected and 
•nlarged. Square 12mo. 12s. bound. 

s^n. ^. *»i „ / The Latin-English Dictionary , Ts. bound . 
oeparaieiy ^ ^he English-Latin Dictionary, 6s. 6d. boond. 

Riddle's Diamond Latin-English Dictionary. 

A Diamond Latin-English Dictionary. A Guide to the Meaning, Qnality, and 
right Accentuation of Latin Classical Words. By the Rer. J. E. Rn>i>i.B, M.A* 
New Edition. Royal 32mo. Is. bound. 

The Illustrated Companion to the Latin Dictionary : 

Being a Dictionarjr of all the words representing Visible Objeets, connected 
with the Arts, Science, and Every-day Life of the Ancients. Illustrated by 
nearly 2,000 Woodcuts fiom the Antique. By Anthont Rich, Jnn. B.A late of 
Caius Collece, Cambridge ; and one of the Contributors to Dr. Smith's " Dic- 
tionary of Greek and Roman Antiquities." Post 8vo. [In the pre^i. 

Zumpt : A Grammar of the Latin Language. 

By C. G. ZoMPT. Ph. D. Translated from the 9th Edition of the original, 
and adapted for tne use of English students, by L. Schmitz, Ph. D Rector of 
the High School of Edinburgh ; witli new Additions and Corrections by the 
Author. New Edition. 8vo. 14s. cloth. 

Jiumpt's School Grammar of the Litin Lang^uage. 

Translated and adapted for use in English Schools. By Dr. L Schmitz, 
P.R.S.E. Rector of the High School of Edinburgh. With a Preface, written 
expressly for this Translation, by the Author. 12mo. 48. cloth. 

Pycroft's Latin Grammar Practice. 

Latin Grammar Practice: 1. Lessons in Vocabularyi Nouns, Adjectives, and 
Verbs, in Grammatical Order; 2. Latin, made out of each column, for Trans- 
lation; 3. English, for re-translation. By the Rev. Jajces PscaorT, B.A. 
12mo. 2s. 6d. cloth. 

Valpy's Latin Grammar. 

The Elements of Latin Granmiar: with Notes. By R. Vai.pt, D.D. New 
Edition, with numerous Additions and Corrections. 12mo. 28. 6a. bound. 

Dr. Kennedy's Latin Grammar. 

An Elementary Grammar of the Latii. Language, for the use of Schools, by 
the Rev. B. H. Kennedy, D.D. Head Muter of Shrewsbury School. New 
Edition. 12mo. as. 6d. cloth. 

Wal ford's Latin Verse Book. 

Proffressive Exerr'-^c; in Latin Elegiac Verse. Adapted, with Reference* 



tlirc nijti'^u*, 
pauio'l to ^luT 
llev. E. \V\i I. 



n 



»c 



Sjiilax of Dr. Keune:^y's Latin Grammar; and accom- 



jm.i) RcfiTcu'iisto the Worts of the best Latin Poets. By the 
■ .u,, M.A. Stiiolar of Balliol College, Oxford, and AssisUpt- 
Mj.bU:r ol" Tuiilrldsze Scho(.i. I'imo. 28. 6d, cloth. 
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Jackson : The Latin Tyro's Guide ; 

Or, First Step towards the Arquirement of Latin. Bj George Jeekeoa. U 
Edition. Royal iMno. Is. 6d. cloth. ^ 

Moody's Eton Latin Grammar in English. 

The New Eton Latin Graminar, with the Marks of QaaatiH' md ttie Rules of 
Accent; containin«r the Eton Latin Gimnunar as oaed at l^n, and Ha Trans- 
lation into English : with Notes and eopioas AdditioBe. By Ber. CtMUKUt 
MooDT, M. A. Mew Edition. 12mo. 2a. 6d. cloth. 

The Eton Latin Accidence : with Additions and Note*. Kew Edition. 12mo. Is. 

Graham's First Steps to Latin Writing. 

FirHt Steps to Latin Writing : intended as a Practical ninatratlon of the Latin 
Accidence. To which are addrd. Examples on the principal Rnlea of Sjatax. 
By G. F. GIU.BA.X. New Edition, considerably enlarged. 12nio. 4s. cloth. 

Valpy's Latin Delectus, and Key. 

Delectus Sententiamm et Historiaram ; ad osom Tironnm aaxwunodatast emm 
Notolis et Lexico. Auctore R. Yalpt, D.D. New Edition 12mo. 2e. 6d. doth. 

Kkt. New Edition, carefully rerised. 12mo. 3s. <d. cloth. 

Valpy's Second Latin Delectus. 

The Second Latin Delectus: designed to be read In Schools after the Latin 
Delectus, and before the Analerta Latins Majora: with Eneliah Notea. By 
the Rev. F. £. J. Valft, M.A. New Edition. 8to. 6a. bound. 

Valpy's First Latin Exercises. 

First Exerciors on the principal Rules of Grammar, to be translated into Latin: 
with familiar Explanations. By the late Rev. R. Yxvft, D.D. New Edition, 
with many Additions. 19mo. Is. 6d. cloth. 

Valpy's Second Latin Exercises. 

Second Latin Exercises ; applicable to every Grammar, and intended aa an Intro- 
duction to Valpy's "Elearantiae Latinaa." By the Rev. E. Tax^ t, B.D. 
New Edition. 12mo. 2s. 6d. cloth. 

Valpv's Latin Vocabulary. 

A New Latin Vocabulary ; adapted to the beet Latin Grammars : with Tables of 
Numeral Letters, English and Latin Abbreriations. and the Value of Roman 
and Grecian Coins. By R. Valft, D.D. New Edition. ISmo. la. boond. 

Valpy's Elegantire Latinse, and Key. 

Elcgantie Latine ; or. Rules and Exercises illnstrative. of Elegant Latin Styla: 
With the Original Latin of the most difficult Phrases. Bj Rer. E. Vai. rr, fl.D. 
New Edition. 12mo. 48. 6d. cloth. 

KsT, being the Original Passages, which haTe been translated into ErgUsh, to 
serve as Examples and Exercises in the aboTC. 12«M>. 2a. 6d. sewed. 

Valpy's Latin Dialogues. 

Collected (Wsn the best Latin Writers, for the use of Schools, as well as of 
Prirate Students. New edition. 12mo. 2s. 6d. clotii. 

Butler's Praxis, and Key. 

A Praxis on the Latin Prepositions : being an attempt to Hlnstrate their Origin, 
Signification, and Goremment, in the way of Exercise. By the late Bisnop 
BuTLsa. New Edition. 8to. os. 6d. boards. — Key, 6s boards. 

An Introduction to the Composition of Latin Verse ; 

containing Rules and Exercises intended to illustrate the Manners, Customs, 
and Upmions. mentioned by the Roman Poets, and to render luniliar the 
prmcipal Idioms of the Latin Language. By the late CHatSToPHBa Rapier, 
A.B. New Edition, revised by the Rev. T. K. AanoLO, M.A. 12mo. 3s. 6d. 
cloth.— Kbt, 28. 6d. sewed. 

Howard's Introductory Latin Exercises. 

Introductory Latin Erercises to those of Clarke, Ellis, Turner, and others : 
designed for the Younger Classes. By Nathamixi. Howakd. Mew Edition. 
12mo. 2s. 6d. cloth. 



STANDARD EDDCATIONAL WORKS. 



Howard's Latin Exercises extended. 

Latin Exercises Extended ; or, a Series of Latin Exercise*, selected From the best 
Roman Writers, and adapted to the Rules of Syntax, particuUrlv in the Eton 
Giammar. To which are added, English Examples to be translated into Latin, 
immediately under the same role. Arranged under Models. By Mathanixi, 
Howard. New Edition. 12mo. 3e 6d. cloth.— K.KT, 12mo. 2s. Cd. 

Bradley's Latin Prosody, and Key. 

Exercises in Latin Prosodv and Yersiiication. New Edition, with an Appendix 
on Lyric and Dramatic Measures. 12mo. 3s. 6d. cloth. — Kbt, 12mo. 2s. 6d. 

Bradley's Exercises, &c. on Latin Grammar. 

Series of Exercises and Questions ; adapted to the best Latin Grammars, and 
designed as a Guide to Parsing, and an Introduction to the Exercises of Valpy, 
Turner, Clarke, Ellis, Ac. £c. By the Rev. C. BkjUilet. New Edition. 
12mo. 2s. 6d. bound. 

The London Vocabulary, English and Latin ; 

designed for the Use of Schools. By Js. Grbxnwood. Revised and arrant^d 

gstematically, to advance the learner in scientific ss well as verbal knowledge. 
/ N. MowABD. New Edition. 18mo. Is. 6d. cloth. 

Beza's Latin Testament. 

Novum Testamentum Domini Nostri Jesn Christi, iaterpret« Thbooo&a Bxza. 
Editio Stereotypa. l2mo. Ss. 6d. bound. 

Valpy's Epitome Sacrse Historiae. 

Sacra Histonse Epitome, in usum Scholarum: cum Notis Angkcis. By tin 
Rev. F. £. J. yAi.PT, M.A. New Edition. 18mo. 2s. cloth. 



EDITIONS OF GREEK CLASSIC AUTHORS. 

Valpy's Homer. 

Homer's niad, complete : English Notes, and Questions to first Eight Books. 
Text of Heyne. By the Rev. E. Valpt, B.D. late Master of Norwich School. 
New Edition. 8vo. 10s. 6d. bound.— Text only, New Edit. Bvo. 6s. 6d. bound. 

Major's Euripides. 

Euripides, From the Text, and with a Translation of the Notes, Preface, and 
Supplement, of Porson; Critical and Explanatory Remarks, original and 
selected ; Illustrations and Idioms from Malthise, Dawes, Vieer, &c. ; and a 
Synopsis of Metrical Systems. By Dr. Major. 8vo. 24s. cloth. 
* •* The Five Plays separately* price 5s. each. 

Burges's .ffischylus. 

Xschylus— The Prometheus : Enarlish Notes. Ac. By G. Bu&oxs, A.M. Trinity 
College, Cambridge. New Edition. Post 8vo. 6s. boards. 

Lin wood's Sophocles. 

Sophoclis Tragoedise superstites. Recensnit et brevi Annotatione instruxit 
G. LiM WOOD, M.A. JEda Christi apud Oxonienses Alumnus. 8vo. 16s. cloth. 

Brasse's Sophocles. 

Sophocles, complete. From the Text of Hermann, Erfordt. &c. ; with original 
Explanatory English Notes, Questions, and Indices. By Dr. B&asbb, Mr. 
Buboes, and Rev. F. Valpz. 2 vols. post8vo. 34s. cloth. 

*,* The Seven Plays Bepar.ately, price 5s. each. 

Balfour's Xenophon's Anabasis. 

The Anabasis of Xenophon. Chiefly aeoordinf to the Text of Hntcbiason. 
With Explanatory Notes, and Illustrations of Idioms from Viger, Sec., copious 
Indexes, and Examination Questions. By F. C. Baliour, M.A. Ozon. F.R.A.S. 
LL.D. New Edition. Post 8vo. 8s. 6d. boards. 

Hickie's Xenophon's Memorabilia. 

Xenophon's Memorabilia of Socrates. From the tc xt of Kuhner . With Notes , 
Critical and Explanatory, from the best Commentators, and by the Editor ; 
Questions for Examinatioa } and Indices. By D. B. Hickib, LL.D. PostSvo. 
8s. 6d. cloth. 
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Barker's Xenophon's Cyropsedia. 

The CTTopodla oT 3^nophon. Chiefly from th« text tA Dfaidorf. Wifh N«tn, 
Criti<*al and ExpUnatory.from DiiKlorf.Fisher,HntchinaoBjP0npo,Senneider, 
Sturtz. and othersehoUn, accompanieo hj the edttor'a. wiUi Exaniaattion 
Qneations, and Indkea. By E. U . Bakkbil Pest 8to. •■. 6d. M*. 

Stacker's Herodotus. 

Herodotus ; containing the Contionotu History alone of the Persian Wars ; 
with English Notes. By the ReT. C. W. Stockbx, D.D. Tice-TMnei|Mdof 
St. Alban's Hall, Oxford. New Edition. 3 rids, post 8to. ]8«. doth. 

Barker's Demosthenes. 

Demosthenes— Oratio Philippiea I., Olynthiaea I. TI. and m.^Dc Fae^, JEsehines 
contra Demosthenem, De Corona, with English Notes. Bj E. H. Bmmmm^. 

New Edition. Post 8to. 8s. 6d. boards. 



EDirrONS OF LATIN CLASSIC AUTHORS. 

Virgil with 6,000 Marginal References, by Pycroft. 

'Hie ^neid, Grorgics, and Bucolics of YirgU : with Marffinal Refierences, and 
concise Notes from Wagner, Heyne, and Anthon. Edited. fWno the Text of 
Wagner, by the Re-v Jar. Pycroft, B.A. Trin. CoU. Oxford. Fop. Sro. 7s. 6d. 
bound ; without Notes, 3s. 6d. bound. 

Valpy's Edition of Virgil. 

p. Virgilii Maronis Bucolica, Georgica, .£neis. Aceedant,in natiam Juventatls 
Notte qusedam Anelice scriptae. Edited bv A. J. Vai.pt, M.A. New Edition.' 
18mo. 7s. 6d. bound; the Tsxt only, 3s. 6a. bound. 

Bradley's Ovid's Metamorphoses. 

Oridii Metamorphoses ; in usum Scbolarum excerpts : qnibve accednnt Notnle 
Ai^rlicae et Qusestiones. Studio C. B&ablxt, A.M. Editio Nora. lamo. 
4s. 6d. cloth. 

Valpy's Ovid's Epistles and Tibullus. 

Electa ex Ovidio et TibuUo : cum Notis Anglicis. By the Rcr. F. E. J. Yai.pt, 
M.A. Master of Burton-on- Trent School. NewEdUioii. ISnxo. 4s. 6d. doth. 

Bradley's Phsednis. 

Phaedri Fabulse; in usum Scholanun expurgats; quibus accedunt Notnhs 
Anglicseet Quaes tiones. Studio C.BxADUiT,A.M. Editio Nora. 12nio. 2s. Sd.cl. 

P. Terentii Afri Comcedise Sex. 

Ex Editions Th. Fxid. God. Reiwhabst. With Explanaftonr Notes, by 
D. B. HxcKiE, LL.D. New Edition. 12mo. with Portrait, 9s. 6d. ektth. 

Valpy's Juvenal and Persius. 

Decnni J. Juvenalis et Persii Flacci Satins. Ex edd. Rupert! et Komig exnor 

fatse. Accedunt, in gratiam Juventutk, Not* oosedam An^licsB scripts. 
Idited by A. J. Yalpt, M. A. New Edit. 12mo. 0s. 8d. doth ; wititoiit Nots«,3B. 

Girdlestone and Osborne's Horace. 

The Works of Horace. Forming the First Volume of a New Edition of the 
Greek and Latin Classics. Adapted to the Use of Toang Persons, br the 
Omission of Offensive Words and Passages, and Ulustrated hr original ign glifh 
Notes, embodying the most recent Philological Inibrmatton, together with 
occasional Strictures on Sentiments of an unchristian tendener. Br the 
Rer. Chablbs Gibdi^stomb, M.A. and the Rer. Wiixiak A. OesoaNB 
M. A. 12mo. ^la the preaa. 

The Rev. Canon Tate's Edition of Horace. 

Horatius Restitntus ; or, the Books of Horace arranged in ChnnMdogieal 
Order, according to the Scheme of Dr Bentiey, from the Text of 6esBM>!coy- 
rected and improved : with aPreliminair Dissertation, very na«ch enlMged 
on the Chronology of the Works, on tne Localities, aad on the LifeuM 
Character of the Poet. By 3 akks T ktb ^IA.k.. "&cti «A:\\k<nk.,%<(«. ifc. doth. 
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Valpy's Horace. 

Q. Horatii Flacci Opera. Ad fldem optimoram exemplarium castigata ; cum 
Nrtalis Anglicis. Edited by A. J. Valpt, M.A. New Edition. ISmo. 6b. 
bound ; vrithout Kote«, 3s. 6a. bound. 

',* The objectionable odes and passages have been expunged. 

Barker's Tacitus — Germany and Agricola. 

The Germany of C. C. Tacitus, from Passow's Text; and the Agricola, from 
Brotier's Text : with Critical and Philological Remarks, partly original and 
partly collected. By £. H. Barker. New Edition. 12mo. 6«. 6d. cloth. 

Valpy's Tacitus, with English Notes. 

C. Comelii Taciti Opera. From the Text of Brotier ; with his Explanatory 
Notes, translated into English. By A. J. Valft, M.A. 3 vols. postSvo. 24s. bds. 

C. Crispi Sallustii Opera. 

With an English Commentary, and Geographical and Historical Indexes. 
Charles Amthon, LL.D. New Edition. 12mo. 6s. cloth. 

C. Julii CsBsaris Commentarii de Bello Gailico. 

Ex recensione Fa. OrnENDORPii. With Explanatory Notes, and Historical, 
Geographical, and Archseological Indexes. By Cbarlxs Anthom, LL.D. 
New Edition. 12mo. 4s. 6d. cloth. 

M. TuUii Ciceronis Orationes Selectee. 

Ex recensione Jo. Ado. Ermbsti. With an English Commentary, and 
Historical, Geoeraphical, and Legal Indexes. By Charles Akthoh, LL.D. 
New Edition. 12mo. 6s. cloth. 

Barker's Cicero de Amicitia, &c. 

Cicero's Cato Major, and LbHus : with English Explanatory and Philological 
Notes -f and with an English Essay on the Respect paid to Old Age by the 
Egyptians the Persians, the Spartans, the Greeks, and the Romans. By the 
late E. H. Barker. New Edition. 12mo. 48. 6d. cloth. 

Valpy's Cicero's Offices. 

M. Tullii Ciceronis de Offlciis Libri Tres. Accedant, in usum JuTentntl8,Notn 
quaedam Anglicse scriptte. Edited by A. J. Yalpt, M.A. Editio Quinta, 
aucta et emendata. 12mo. Ss. 6d. cloth. 

Valpy's Cicero's Twelve Orations^ 

Twelve Select Orations of M. Tullius Cicero.* From the Text of Jo. Casp. 
Orellius; with English Notes. Edited by A. J. Yalpt, M.A. New Edition. 
Post 8vo. 7s. 6d. boards. 

Bradley's Cornelius Nepos. 

Comelii Nepotis Yitse Excellentium Imperatomm: anlbos aecedunt Notuln 
Anglicse etQuestiones. Studio C. Bradley, A.M. EoitioNova. 12mo.^.6dxl. 

Bradley's Eutropius. 

Entropii Historise Romanae Libri Septem : quibus aecedunt Notnlae Anglicaa tt 
Qusstiones. Studio C. Bradlbt, A.M. Editio Nora. 12mo. 2s. 6d. cloth. 

Hickie's Livy. 

The Firct Five Books of Livy: with Enslish Explanatory Notea. and Examina- 
tion Questions. By D. B. Hickie, LL.D. New Edit. Post 8to. 8s. 6d. boards. 



WORKS BY THE REV. S. T. BLOOMFIELD, D.D. F.S.A. 

Blocftnfield's New Greek Vocabulary. 

Lexilogtts Scholasticus ; or, a Greek and English Yocabulary on a new and 
improved plan : comprising all the Primitives, with some select Derivatives ; 
and presenting a brief Epitome in outline of tne Greek Language. 18mo. Sa. 

Bloomfi eld's Epitome of the Greek Gospels. 

Epitome Evangelica; being Selections from the Pour Greek Gospels: with a 
Clavis and Grammatical Notes. Intended as a Companion to the Author's 
** Lexilogus Scholasticus," and •• an Introduction to his '* CoUege and School 
Greek Testament" ISmo. is. cloth. 



\ 
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Bloomfield's Greek Lexicon to the New Testament. 

Greek and English Lexicon to the New Testament ; especiallT MlApted to the 
use of Colleeea and the hieher Classes in the Public Scnool*, out also intended 
as a conTenient Manual for Biblical Students in genexaL New Edition/en- 
larged and improred. Fcp. 8to. lOs. <ld. cloth. 

Bloomfield's College and School Greek Testament. 

The Greek Testament: wittibrief English Notes, Philolof^ical and Explanatory. 
Especially formed for the use of Colleges and the Pablic Schools, but also 
adapted for general purposes, where a larger work i« not raqniaite. New 
Edition, enlarged and improved. Fcp. 8to. 10s. 6d. cloth. 

Bloom field's Greek Testament. 

The Greek Testament: with copious English Notes, Critioal, PhiUdogical, and 
Ezplanatorv. New Edition, enlarged and improved. 2 vols. 8tO. with Map of 
Palestine, ifcS, cloth. 

Bloomfield's Greek Thucydides. 

The History of the Peloponnesian War, by Thucydides. A New Recension of 
the Teat ; with a carefully amended Punctuation ; and eeptone NotM, CriticaL 
Philological, and Explanatory ; with fiill Indices, both of Greek Words ua 
Phrases, explained, and matters discussed in the Notes. 2 vols. 8to. with 
Maps and Plans, 38s. cloth. 

Bloomfield's Translation of Thucydides, 

The History of the Peloponnesian War. By THCCTDroxs. Trmaslated Into 
English, and accompanied by copious Notes, Phtloloxical ajid Esqplanatory, 
Historical and Geographical. 8 vols. 8to. with Maps, ftc. £SL dm. ooaids. 

HISTORY, CHRONOLOGY, AND MYTHOLOCY. 

An Introduction to English Antiquities. 

Intended as a Companion to the History of England. By James EcelestoB, B. A. 
Head Master of Sutton Coldfield Grammar Scfaeol. Wyo. with aanoenras Ea- 
grarings on Wood, 21s cloth. 

Lempriere's Classical Dictionary, abridged 

For Public and Private Schools of both Sexes. By the late E. H. BanxBB, Tri- 
nity College, Cambridge. New Edition, revised and connected tbrougboirt. 
By'J. Cadvw. 8vo. 128. bound. 

Blair's Chronological and Historical Tables. 

From the Creation to the Present Time : with Additions and Corrections from 
the EUMt Authentic Writers ; including the Computation of St. Paul, as con- 
necting the Period from tiie Exode to the Temple. Under the superintendence 
of Sir1l»N&i Ellis, K.H. Imp. 8vo. 31s. <ld. half-bonnd morocco. 

Mangnall's Questions.— theomlt g«»tjiii» and coutlskm EoxTioar. 

Historical and Miscellaneous Questions , for the Use of Youne People ; with a 
Selection of British and General Biography, Ac. &c. Bv R. MaRONALL. New 
Edition, with the Author's last Corrections, and other very considerable 
Additions and Improvements. 12mo. 4s. 6d. bound. 

Comer's Sequel to Mangnali's Questions. 

Questions on the History of Europe : a Se^quel to Mangnali's Histories Ques- 
tions ; comprising Questions on the History of the Nations of Continental 
Europe not comprehended in that work. By Julia. Coania. New Edition. 
12mo. 6e. bound. 



Knapp's Universal History. 

An Abridgment of Universal History,adaptedtotheUseofFamiliesand8oaooIs ; 
with appropriate Questions at the end of each Section. By the Rev. M. J. 
Km AFP, M.A. New Edition, with the series of events brought down to the 
present time. 12mo. 5s. bo\md. 

A Catechism of Church History 



In general, frono^the Apostolic Age to the Present Time. To which Is added. 

History ; with a Chronological Snnunary of 
Principal Events. 'By the Rev. W. T. Wilkinson, A.M. Fcp. 8vo. 6a. clo^. 



a Catechism of English Church 

/ . 
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Hort's Pantheon. 

The New Pantheon; or, an Introduction to the Mvthologv of the Ancienta, in 
Question and Answer : compiled for the Use of loans Persons. With an Ac- 
centuated Index, Questions for Exercise, and Poetic allllustrationfi of Grecian 
Mytholo^, Irom Homer and Yirgil. By W. J. Homx. New Edition, enlarged. 
Ibmo. with 17 Plates, St. 6d. bound. 

Hort's Chronoloey. 

An Introduction to the study of Chronology and Ancient History: in Qua«tk>B 
and Answer. By W. J. Ho&t. New Edition. 18mo. 4«. bound. 

Tables of Chronology, and Regal Genealogies. 

Combined and separate. By the Ber. J. H. Howt.sTT, M.A. New Edition. 
4to. 5s. Sd. cloth. 

Metrical Chronology ; 

In which most of the important Dates In Ancient and Modem History ar« 
expressed by Consonants used for Numerals, and formed, by aid of Vowels, 
into Fignificant Words: with Historic&l Notes and Questions for the Exerciae 
of Young Persons. By Rev. J. H. Ho wutt, M.A. New Edit Post bvo. 7b. ol. 

School Chronology ; or, the Great Dates of History. 

Drawn up for the use of the Collegiate Schools, Lirerpool. New Edition. 
Square 12mo. Is. stitched. 

Valpy's Poetical Chronology. 

Poetical Chronology of Ancient and Enf^h History : with Historical and Ex|iU* 
natory Notes. By B. Yjo^ft , IXD. New Edition. 12mo. 2«. 6d. cloth. 

Keightley's Outlines of History. 

Outlines of History, from the Earlieut Period. By Thoxa.8 Kxiortlbt, Esq. 
New Edition, corrected and improved. Fcp. 6vo. 8s. cloth ; 8s. 6d. bound. 

Sir Walter Scott's History of Scotland. 

History of Scotland. By Sir Waltek Scott, Bart. N ew Edition, 2 vols. fop. 8vo . 
with Vignette Titles, 128. cloth. 

Valpy's Elements of Mythology. 

dements of Mythology; or, an Easy History of t 
enable the young to understand che Ancient Wnie 
R. Valpt, D.D. New Edition. 12mo. 2s. bound. 



Elements of Mythology ; or, an Easy History of th<; Pagan Deities : intended to 
enable the young to understand che Ancient Writers oif Greece and Rome. By 



GEOMETRY, ARITHMETIC, LAND-SURVEYING, ETC. 

Sandhurst College Astronomy and Geodesy. 

Practical Astronomy and Geodesy : including the Projections of the Sphere ant 
Spherical Trigonometry. For the use of uie Royal Military College, Sand- 
hurst. By John Narriem, F.R.S. & R.A.S. Professor of Mathematics, Ac 



Sandhurst College Trigonometry. 

Plain Trigonometry and Mensuration. By W.Scott, Esq. A.M. and F.RJk.8. 
8vo. 9s. 6d. bound. 

Sandhurst College Elements of Euclid. 

Elements of Geometry : consisting of the first four, and the sixth. Books of 
Euclid, chiefly from the Text of Dr. Robert Simson ; with the principal 
Theorems in Proportion, and a Course of Practical Geometry on the Ground. 
Also, Four Tnuits relating to Circles, Planes, and Solids ; with one on 
Spherical Geometry. By Johm Nauiibn, F.R.S. and R.A.S. 8to. lOs. 6d. bd. 



Sandhurst College Analytical Geometry. 

Analytical Geometry : with the Poperties of Conic Sections : and an Appen- 
dix, containing a Tract on Descriptive Geometry. For the use of the Royal 
Military College, Sandhurst. By J. Naambk, F.R.S. aad R.A..S. 6^<^.«<^.^> 



and an Appen- 



\ 
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Sandhurst College Arithmetic and Algebra. 

Element* of Arithmetic and Algebra. Bj W. Scott, Esq. A.M. and 
Second Mathematical Professor in tiie Institntion. 8to. Ite. bound. 



Professor Thomson's Elementary Algebra. 

An Eleraentarv Treatise on Alsebra, Theoretical and Practical. Br JiiXB* 
Thomson, Ll.D. Professor of Mathematics in the UniveTsity of Glasgow. 
New Edition. 12mo. 6». cloth. — Kbt, 4s. 6d. cloth. 

Nesbit's Mensuration, and Key. 

A Treatise on Practical Mensuration* containing the most approved Methods of 
drawing Geometrical Figures ; Mensuration of Superficies i Ijand Sarreying ; 
Mensuration of Solids ; the Use of the Carpenter's Rule ; Timber Measare, S^ 
Bj A. Nbsbit. New Edition. 12mo. witn 300 Woodcnta. 6«. bound. 

KsT. New Edition. 12mo. 6s bound. 

Nesbit's Land Surveying. 

A Complete Treatise on Practical Land Surveying. By A. Nbsbvi^ Now Edit. 
8ro. with Plates, Woodcuts, and Field-book, 12s. boards. 

Crocker's Land Surveying. 

Crocker's Elements of Land Surveying. New Edition, corrected thronghont, 
and considerably improved and modernised, hjT.Q. Bdnt, Land-Sarveyor. 
Bristol. To which are added. Tables of Six-figure Logaritluns, •uperiniendea 
bvRiCH iRo FA.RLET, of the Nautical Almanac Establishment. Poet 8vo. with 
Plans, Field-book, &c. 12s. cloth. 

Farley's Six-Figure Logarithms. 

Tables of Six-figure Logarithms ; containing the LojBfarithns of Knmbem flrom 
1 to 10,000, and of Sines and Tangents for every Minute of the Quadrant and 
every Six Seconds of the first Two Degrees : with a Table of Constants, and 
Formulae for the Solution of Plane and Spherical Trianglea. Superintended by 
RiCHAao FxaLBT. Post 8vo. 4s. 6d. 

Illustrations of Practical Mechanics. 

By the Rev. H . Moselkt, M. A. Professor of Natural Philosophy and Aateonomy 
in King's CoU^e, London. New Edit. Fcp. 8vo. with Woodcuts, 8s. cloth. 

Tate's Exercises on Mechanics and Natural Phi- 
losophy ; or, an easy introduction to Engineering ; containing Tarions Applica- 
tions of the Principle of Work : the Theory of the Steam Ensine with Sunple 
Machines ; Theorems and Problems on Accumulated Work, &c. By Thomaa 
Tatk, Mathematical Master of the National Society's Training College, 
Battersea. New Edition. Fcp. 8vo. 2s. cloth. 

Tate's Treatise on the First Principles of Arithmetic, 

after the method of Pestalozzi. Designed for the use of Teachera and Monitors 
in Rlementiry Schools. Dy Thomas Ta.tb, Mathematical Master of the 
National Society's Training Institution, Battersea. New Edition, with ad- 
ditions and improvements. 12mo. Is. 6d. cloth. 

Keith on the Globes, and Key. 

A New Treatise on the Use of the Globes ; or, a Philosopnical View of the Earth 
and Heavens: comprehending an Account of the Figure, Magnitude, and 
Motion of the Earth : with the Natural Changes of its Surfkce, caused by 
Floods, Earthquakes, &c. By Thomas Kbith. New Edition, improred, br 
J. RowBOTHAM, and W. H. Prior. 12mo. with T Plates. 6s. 6d. bound. 

Kbt, by Prior, revised by J. Ro wbotham, 12mo. 2s. 6d. doth. 

Tate's Algebra made Easy. 

Algebra made Easy. By Thomas Tatb, Mathematical Master of the Katfoaal 
Society's Training College, Battersea. 12mo. 28. doth. 

Tate's Principles of Geometry and Mensuration : 

Oontaininir familiar Demonstrations and Illustrations of the most inapottant 
Propositions in Euclid's Elements ; elementary Proofs of the useful Rules in 
Mensuration, with their application to the Solution of Practical Problems in 
Measurement, Surveying, and the Construction of Railway Carres ; the motst 
essential Theorems in Trigonometry ; and the Theory and Practice of leome- 
trical and ordinary Perspective. Bv Jambs Tatb, Mathematical Master of 
ths National Society's Trsim\n« CoUe^e , BaUersea. 12roo. [In the press. 
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Keith's Trigonometry. 

An Introduction totheTheory'and Practice of Plane and Spherical TrigonometT|r> 
and the Stereographic Projection of ttie Sphere, including the Theory of Nan- 
gation ; comprehending a variety of Rules, Formulc, Ac. with their Practical 
Applications. By Thoma.8 Keith. New Edition, corrected by S. Matm^bd. 
8to. 148. cloth. 

The Ladies' Complete Arithmetician ; 

Or, Conversational Arithmetic. In which all the Rules are explained in Easy 
and Familiar Language. To which is added, a short History of the Coinage ; 
with Tables of the Weights and Measures of the Ancients. By Mrs. Hexury 
Ayres. New Edition. 12mo. 5s. cloth. ->Key, Ss. cloth. 

Taylor's Arithmetic, and Key. 

The Arithmetician's Guide ; or, a complete Exercise Book : for Public Schools 
and Private Teachers. By W. Tailor. New EditioQ. 12mo. 2s. 6d. bound. 

KzT to the same. By W. H. White, of the Commercial and Mathematical 
School, Bedford. I2mo. 4s. bound. 

Molineux's Arithmetic, and Key. 

An Introduction to Practical Arithmetic ; in Two Parts : with various Notes, and 
occasional Directions for the use of Tieamers. By T. Molinevx, many years 
Teacher of Accounts and the Mathematics in Macclesfield. In Two Parts. 
Part 1. 12mo. 2s. 6d. bound. — ^Part 2. 12mo. 2s. 6d. bound. 

Ket to Part 1, Sd.— Ket to Part 2, 6d. 

Hall's Key to Molineux's Arithmetic, Part I. 

12mo. 3s. bound. 

Simson's Euclid (the Standard Editions). 

Simson's Elements of Euclid (Library Edition) ; vis. the First Six Books, toge- 
ther with the Eleventh and Twelfth ; also the Book of Euclid's Data. With 
the Elements of Plane and Spherical Trigonometry ; and a Treatise on the 
Constmcticn of the Trigonometrical Canon. By the Rev. A. Robertson, D.D. 
F.R.S. New Edition, revised and corrected by S. Matnard. 8vo. 9s. bound. 

Simson's Elements of Euclid (School Edition) ; vir.theFirst Six Books, together 
with the Eleventh and Twelfth. Printed, vrith a few variations and additional 
references, from the Text of Dr. Simson. New Edition, revised and corrected 
by S. MA.TKAJEID. 18mo. 6s. bound. 

Simson's Elements of Euclid (Symbolically Arranged) : edited, in the SvmboB- 
cal form, by the Rev. R. Blakslock, M.A. late Fellow and Assistant Tutor of 
Catherine Hsill, Cambridge. New Edition. ISmo. 6s. cloth. 

Joyce's Arithmetic, and Key. 

A System of Practical Arithmetic, applicable to the present state of Trade aad 
Money Transactions : illustrated by numerous Examples under each Rule. By 
the Rev. J. Joyce. New Edition, corrected and improved by S. MATMiUiD. 
12mo. Ss. bound. 

Ket : containing Solutions and Answers to all the Questions in the work. New 
Edition, corrected and enlarged by S. Matnard. 18mo. 3s. bound. 

Walkingame's Arithmetic and Key, by Crosby. 

The Tutor's Assistant ; being a Compendium of Arithmetic, and a complete 
Question-Book ; containing Arithmetic in Whole Numbers, Vulgar Fraction*, 
Decimals, Duodecimals, the Mensunition of Ciicles, a Collection of Questions. 
Ac. By Francis Walkik GAME. A New Edition, corrected by T. Crosbt. 
12mo. 28. cloth. 

Crosby's Key to "Walkingame's Arithmetic. 

New Edition, carefully revised by 8. matmaro. I2mo. 3s. 6d. doth. 

Morrison's Book-Keepinj^, and Forms. 

The Elements of Book-keeping, oy Sin^e and Double Entry ; comprising ■ereral 
Sets of Books, arranged according to Present Practice, and designed for the use 
of Schools. By Jambs Morrison, Accountant. New Edition, considerably 
improved. 8vo. 8s. half-bound. 

Sets of Blank Books, ruled to correspond with the Fonr Sets contained in th* 
above work : Set A, Single Entry, 3s ; Set B, Double Entry, 9s. ; Set C, Com> 
mission Trade, 12s. ; Set D, Partnership Concerns, 4a. 6d. 
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Morrison's Commercial Arithmetic, and Key. 

A Concise System of Commercial Arithmetic By J. Mo»B.iaoM, Aooountaat. 

New Editimi, teviaed and improved. 12mo. 4i.'M. bonad. 
Kbt. New Edition, corrected and improved by S. Maxm akd. Editor of ** Keith's 

Mathematical Works." 12mo. Ss. bound. 

Nesbit's Arithmetic, and Key. 

A Treatise on Practical Arithmetic. By A. Nassn. New Edition. ISaa*. 6«. bd. 
A Kbt to the same. 12mo. 5s. bovnd. 
Past II. of Nesbit's Practical Arithmetic; contaiaiag FractioBS, Decimals/ 

L«garithmii, Chaln-Role. Ae. 
Kbt to part II. 12mo. 7s. ooimd. 

Peschel's Elements of Physics. 
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The EleoMnts of Physies. By C. P. Pbschbi., Principal of the lUtyal Military 
CoUeie, Dresden. Translated fh>m the German, with Notes, by B. Wxsr.- 
S vols. fcp. 8vo. with Woodcuts and Diagrams, 2l8. cloth. 

( Part 1. The Physics of Ponderable Bodies. Fcp. 8vo. 7s. 6d. 
Separately i Part 2. Imponderable Bodies (Light, Hent, Magnetism, Elec- 
( tricity, and Ekctro-Dynamiks}. 2 Tols. fep. 8vo. ISe. 4d. 

Mr. Gower's Scientific Phenomena of Domestic lafe, 

Faatiliarly explained. New Edition. Fop. 8vo. with woodcnts, 6a. cioth. 

Contents:— 1. The Bedroom; t. The Breakhst Parlour; 9. Tlie Morning 
Walk; 4. The Kitchen; 6. The Study; «. The Sammer*s Evening ; 7. lAtt- 
tude ; 6. Longitode ; 9. The Sea Shore. 

Mrs. Lee's Natural History for Schools, 

Elements of Natural History, for the use of Schoob and Toong Persmis ; com> 
prising the Principles of Classtflcation, interspersed with amnaing and in- 
sla- u c ti ve Original Accounts of the most lemarkaUe Animaia. Bfllia. IjBb. 
Itmo. with 66 WoodoaU. 7s. 6d. bound. 



WORKS FOR YOUNG PEOPLE, BY MRS. MARCET. 
Spelling Book : The Mother's First Book : 

Containmg Reading made Easy, and the Spelling Book. Nw 
ISaio. with WoodcuU. Is. 6d. cloth. 

Willy's Grammar : 

Interspersed with Stories, and intended for the use of Young Boys. New 
Edition. 18mM>. 2s. 6d. cloth. 

Mary's Grammar : 

Interspersed with Stories, and in ten ded for the use of Girls. New Edition 
18mo. 3s. 6d. half-bound. 

The Game of Grammar : 

With a Book of Conversations, shewing the Rules of the Game, and ailbrdinff 
Examples of the manner of playing at it. In a. varnished box, or done vm ma 
post 8vo. voltuue, 8b. 

Conversations on Language, for Children, 

New Edition. ISmo. 4s. «d. cloth. 

Lessons on Animals, Vegetables, and Minerals, 

New Edition. Idmo. 2s. doth. 

Conversations on Land and Water. 

New Edition, revised and corrected. Fcp. 8vo. with a oolevred Map^ 6a. 6d. 

Conversations on Chemistry. 

New Edition, revised, corrected, enlarged, and Improved. % Tola. fen. %vo 
I4s. cloth. 

Conversations on Natural Philosophy. 

Hew Edition. Fcp. Bvo. with, lA Plates, Vte. «d. eloth. 
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Conversations on Vegetable Physiology. . 

New Edition. Fcp. 8to. with four Plates, 9a. cloth. 

Conversations on Political Economy. 

New Edition. Fcp. 8to. 7s. Sd. cloth. 

Conversations on the History of England. 

For the Use of Children. New Edition, with contmnation to the Reign of 
George III. 16mo. 5s. cloth. 



GEOGRAPHY AND ATLASES. 

Dr. Butler's Ancient and Modern Geography. 

A Sketch of Ancient and Modern^ Geography. By Sakuei. Butlek, D.D. lata 
Bishop of I-ichficld, formerly Head Master of Shrewsbury Sdiool. New Edition, 
revised by his Son. 8to. 9s. boards ; bound in roan, lOs. 

Dr. Butler's Ancient and Modern Atlases. 

An Atlas of Modem Geography ; consisting of Twentr-three Coloured Maps ; 
with a complete Index. New Edition> 8to. 12s. half-bound. 

An Atlas of Ancient Geography; consisting of Twenty-two Coloured Maps, 
with a complete Accentuated Index. New Edition, corrected. 8vo. 12s. 

A Gfupral Atlas of Ancient and Modem Geosrraphy ; consistinit of Forty-five 
coloured Maps, and Indices. New Edition, corrected. 4to. 248. half-bound. 
*•* The Latitude and Longitude are given in the Indices. 

Abrifl^ment of Butler's Geography. 

An Abridgment of Bishop Butler's Modem and Ancient Geography : arranged in 
the form of Question and Answer, for the uw of Beginners. By llAaT 
CcNNiMGHAH. New Edition. Fcp. 8vo. 2s. cloth. 

Dr. Butler's Geographical Copy-Books. 

Outline GeoCTaphical Copy-Books, Ancient and Modem : with the Lines of Lati- 
tude and Longitude only, for the Pupil to fill up, and designed to accompany 
the above. 4to. each 48. ; or together, sewed, 78. 6d. 

The Geography of Palestine or the Holy Land, 

Including PhcBuicia and Fhilistia: with a Description of the Towns and 
Places in Asia Minor visited by the Apostles. By W. M'Leod, Head Master 
of the Model School, Royal Military Asylum, Chelsea ; late Master of th« 
Model School, Battersea. 12mo. with Map, Is. 6d. cloth. 

Dowlin^s Introduction to Goldsmith's Geography. 

Introduction to Goldsmith's Grammar of Geography : for the use of Junior Pupils. 

ByJ. DowLiNO. New Edition. 18mo. 9d. sewed. 

By the same Author, 
Five Hundred Questions on the Maps in Goldsmith's Grammar of Geography. 

New Edition. 18mo. 8d. — Kbt, 9d. 

Goldsmith's Geography Improved. 

Grammar of General Geography : for the Use of Schools and Young Persons. 
By the Rev. J. Goldsmith. New Edition, improved. Revised throughout and 
corrected by Hugh Murray, Esq. Royal i&no. with New Views, Maps, &«. 
3s. 6d. bound. — Kzr , 9d. sewed. 

Goldsmith's Popular Geography. 

Geography on a Popular Plan. New Ecut. including Extracts firom recent Voyagss 
and Travels, with Engravings, Maps, &c. ByRer. J. Gou>8MITH. 12mo.l4s.Dd. 

Mangnall's Geography, revised. 

A Compendium of Geography ; for the use of Schools, Private Families, ftc. By 
R. M ANON ALL. A new Edition, revised and corrected throughout. 12mo. 
7s. 6d. bound. 

Hartley's Geography, and Outlines. 

Geography for Youth. By the Rev. J. Hartley. New Edition, containing 

the latest Changes. I2mo. 48. 6d. bound. — By the sanie Author, 
Outlines of Geography : the First Course for Children. New Edit. 18mo. 9d. ad. 
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THE FRENCH LANGUAGE. 

Chambaud's Grammar of the French Tonffue : 

With a Preface, containing an Essay on the proper Mettiod oTTeachinc and 
Learning that Language. Revised and corrected agreeably to ihm Dictionary 
of the French Academy, by M. Des Cariiires. 8to. 5«. 6d. bound. 

Miss Rowan's Modern French Reading Book. 

Morceanx Choisis des Auteur* Modemes. k I'nsage de la Jeunesae. With a 
Translation of the New and Difficult Words and Idiomatic Phraaea which 
occur in the Work. By F. M. RowiLM. Foolscap 8to. 6a. bound. 

Hamel's French Grammar and Exercises, by Lambert. 

Hamel's French Grammar and Exercises. A New Edition, in one volume. 
Carefully corrected, greatly improved, enlarged, and re-anangvd. By N. 
Lambert. 12mo. 5s. 6d. bound. 

Hamel's French Grammar.— (The Original Edition.) 

A New Universal French Grammar ; being an accurate Syaton of Frmch Acei- 
denoe and Syntax. By N. Hjlmbl. New Edit, improved. 12bm». 4a. bound. 

HamePs French Exercises, Key, and Questions. 

French Grammatical Exercises. By N. Haxbl. New Edition, careAillj roviaad 
and greatly improved. 12mo. 4s. bound. 

Kbt, 12mo. 3s. bound. — Qcsstioms, with Key, 9d. sewed. 

HamePs World in Miniature. 

The World in Miniature ; containing a faithful Account of the Sitaattott, Extent, 
Productions, Government^ Population^ Manners, Curiosities, &c of tbediftrent 
Countries or the World : for Translation into French. By N. Hamsl. Naw 
Edition, corrected and brought do«m to the present time. 12mo. 4a. 8d. bd. 

Tardy's French Dictionary, improved by Tarver, 

Tardy 's Explanatory Pronouncing Dictionary of the French Language, in 
French and English ; wherein the exact Sound and Articulation of every 
Syllable is distinctlv marked, according to the Principles of the French 
Pronunciation, developed in a short Treatise. New Edition, corrected and 
much enlarged. By J. C. Tarvea, French Master , Eton. Fcp. 8vo. Ta. 

Dr.Wanostrocht's Grammar of the French Language: 

Withpractical exercises. New Edition, revised by J. C. Tarver, FrentS Master, 
Eton. 12mo. 4s. bound. 

New editions of Dr. Wanostrocht's other elementary works and 8cho<^ editions 

of classical writers :— 



1. French Vocabulary. 12mo. 3s. bd. 

2. T616maque. 12mo. 48. 6d, bd 

3. Re(ueil Choisi. 12mo. 3s bd. 

4. Secuel to ditto. 12mo. Is. bd. 

5. Numa Pompilius. 12mo. 4s. bd. 

6. Gil Bias. I2mo. 5s. bd. 

7. Livie des Enfants. 12mo. 28. bd. 



8. French and EngliA Dtaloguas. 

12mo. 2s. bd. 

9. Liturgie de L'Egliae Anelaise. 

32mo. 4s. bd. 
10. Key to the Grammar, by Tentovil- 
lac. 12mo. 3s. bd. 



THE ENGLISH LANGUAGE. 

OrammarSf Reading Books, and MisceUaneout WorJu. 

The Modern Poetical Speaker : 

A Collection of Pieces adapted for Recitation, carefully selected from the 
English Poets of the Nineteenth Century. By Mrs. Palliser. Dedicated, br 
permission, to tlie Right Hon. the Dowager Lady Lyttelton. 12mo. Cs. bountt. 

Sewell: The New Speaker and Holiday Task-Book. 

Selected from classical Greek. Latin, and English writers :~Daiaa«thenes, 
Thucydides, Homer, Sophocles, Cicero, Livy, Virgil, Lucretius, Sibakspeare, 
Milton, Buikc, Bacon, &c. By the Rev. W. Sewell, B J>. Fellow and Tutor 
of Exeter College, Oxford. 12mo. Gs. bound. 
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Maunder's Universal Class-Book : 

A New Series of Reading Lessons (original and selected) for Erery Day In the 
Year : each I.«sson recording some important Event in General History^ Bio- 
eraphy.&c.or detoiling, in familiar language, interesting facts in Science. 
With Questions for Examination. By Samuel MAtrnDBR, Author of The 
Treasury of Knowledge," &c. New Edition, revised. 12mo. 6*. bound. 

Mrs. Felix Summerly's Mother's Primer. 

The Mother's Primer. A Little Child's First Steps in many ways. By Mrs. F>ux 
SoMMERLT. Fcp. 8vo. printed in Colours, with a Frontispiece drawn on Zine 
by William Mulready, R.A. Is. sewed. 

The Rev. J. Pycroft's Course of English Reading. 

A course of English Reading adapted to every Taste and Capacity: with Anec- 
dotes of Men of Genius. By the Rev. Jakes PTCRorr, B.A., Author of •* Latin 
Grammar Practice," &c. Fcp. Svo. 6«. 6d. cloth. 

The Debater : 

Being a series of complete Debates, Outlines of Debates, and Questions for 
Discussion : with ample References to the best Sources of Information on 
each particular Topic. By Frederic Rowton, Fcp. Svo. 6s. cloth. 

Lindley Murray's Works. 

• ," The I.AXE8T AND ONLY GeXVINB EDITIONS, WITH THE AOTHOJi'S ttH-U. 
CoaBECTIONS .AMD IXPaOVEMENTS. 



1. First Book for Children. 18mo, 6d. 

2. English Spelling- Book. IBmo. IBd. 

3. Introduction to the English Reader. 

12mo. 28. 6d. 

4. The English Reader. 12mo. 3s. 6d. 

5. Sequel t<» ditto. 12mo. 48. 6d. 

6. English Grammar. 12mo. 3a. 6d. 

7. English Grammar abridged. 
18mo. Is. 

English Exercises. 12mo. 2s. 
Key to Exercises. 12mo. 28. 

10. Exercittes and Key. In 1 vol. Ss. 6d. 

11. Introduction au Lecteur Frangois, 

12mo. 38. 6d 



8. 
9. 



12. Lecteur Frangois. 12mo. Se. 

13. Library Edition of Grammar, Exev- 

cue8,and Key. 2 vols. 8vo.21s. 

First Lessons in English Grammar 

New edit, revised and enlarged. 

ISmo. »d. 
Grammatical Questions, adapted to 

the Grammar of Lindley Murray : 

with Notes. By C. Bkaslbt. 

A.M. 12mo. 2e. 6d. 
Enlarged Edit, of Murray's Abridged 

English Grammar, by Dr. Giles. 

18mo. Is. 6d. 



Mavor's Spelling Book. 

The English Spelling -Book: accompanied by a Progressive Series of easy and 
familiar Lessons : intended as an Introduction to the Reading and Spellmg of 
the Englibh Language. ByDr.MAVoa. New Edition, with various revisions 
and improvemenu of Dr.Mavor. 12mo. with Frontispiece, and 44 Wood 
Engravings, Is. 6d. bound. 

Carpenter's Spelling-Book. 

Tlie Scholar's Spelling Assistant ; wherein the Words are arranged according to 
their principles of Accentuation. By T. CfRPEMTEB. New Edition, corrected 
throughout. 12mo. Is, 6d. bound. 

Ross: An Elementary Etymological Manual of the 

English Language, for the use of Schools. To which are prefixed. Practical 
Observations on Teaching Etymology. By William Ross, Inspector of Schools 
for the Manchester Education Society. New Edition. Ibmo. 6d. sewed. 

Graham's English Spelling-Book. 

English Spelling: with Rules and Exercises. Intended as a Class-Book for 
Schools. Bjru. F. Graham^ Author of " English, or tlie Ait of Compoai- 



ociiooiB. ay \j. r . uiiAUAai. .luinor oi " r.ngui'n 
tion ;" " Uf Ipa to Eugiiiih Grammar," &c. i2mo. 
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Progressive Exercises in English Composition. 

By the Rev. 11. G. I'arksr, A.M. Now Edition. 12mo, Is. 6d. cloth. 
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Walker's Dictionary Remodelled. 

Walker's Pronoancin(( Dictionary of the English htm^uMgt, adapted to the 

?re«pnt state of Literatnre and Science. By B. H. Smikt. New Edition, 
'o which are now added, an Knlar^Kl Etymological Index, and a Snppleaaent, 
containins: nearly Three Thousand Words not included in the preoedinar edition 
of the Dictionary. 8to. ISs. cloth. 

*a* The Supplement, with the Etymolof^ical Index, may be had separately. 

6to. Ss. fid. sewed. 

Walker's Dictionary Epitomised. 

Walker's Pronouncinf; Dictionary of the English Language, Epitomised on a 

Elan which allows of full Definitions to the leading Words, and large additions 
> the Terms of Modern Science : with a Key to the Pronunciation of Greek , 
Latin, and Scripture Proper Names. By B. H. Smabt. New Edition, 
l&mo. 7s. 6d. cloth. 

Graham's Art of English Composition. 

Ensrlish; or. The Art of Composititm explained in a series of Instructions and 
Examples. By G. F. Graham. New Edition, rerised and eorrected. Fcp. 
8ro. 6s. cloth. 

Graham's Helps to English Grammar. 

Helps to Encrlish Grammar ; or. Easy Exercisesfor Young Children Illttstrated 
by Engravings on Wood. By G. F. Gaajiax. New Edition. 12mo. Ss. cloth. 

English Synonymes classified and explained : 

With PracticHl Exercises, designed for Schools and Private Tuition. 
G. F. G&AHAK. Fcp. 8vo. 7s. cloth. 

Aikin's Poetry for Children. 

Poetry for Children ; consistine of Selections of easy and interestiag Pieces from 
the best Poets, interspersed with Original Pieces. By Miss Aikim. New Edition. 
18mo. with Frontispiece, 2s. cloth. 

Lady Fitzroy'siScriptural Conversations. 

Scriptural Conversations between Charles and his Mother. By LASTCBAiirBS 
FiTKROY. Fcp. Bvo. 4s. 6d. cloth. 

Maunder's Popular Treasuries. 

1 The Treasury of Knowledge, and Library of Beferenee : a Compendium of 
Universal Knowledge. 

a. The Scientific and Literary Treasury : a copious Popular EnoyclopKdia of 
the Belles- Letties. 

t The Biographical Treasury : a Dictionary of Universal Biography ; conn- 
prising above 12,000 Memoirs. 

i. The Historical Treasury: an Outline of Universal History; separate His- 
tories of every Nation. 

*a* New Editions, corrects and enlarged, price lOs. eadi work, fcp. 8vo. cloth ; 
or 12s. bound in embossed roan. 



By 



Works by Prof. Robert Sullivan, A.M. T.C.D. of ike 
Education Boards Dublin. 



1. Geography Generalised. 

New Edition. 12mo. 2s. 

2. Introdaction to Geogra- 

phy New Edition. IBmo. Is. 

3. Dictionary of Deriva- 

tions. New Edition. 13mo. 
3b. 6d. 

4. The Spelling' book Super- 

sedfd. New Edition. 18mo. 
Is. 4d. 



5. The Elements of English 

Grammar. New Edit. ISmo. Is. 

6. Lectures on Popular 

Education, l^mo. 2s. 6d. 

7. Outline of the Methods of 

Teaching in the National Model 
Schools, Ireland. 18mo. 6d. 

8. School Dictionary of the 

English Language. 

[In the press. 



Wilson snA OgUvy , Skinner Street, Snowhill, London. 
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